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“VOL. CIV. —No. 2703.]} LONDON; FRIDAY, UCTOBER 19, 1917. (Fests ase Wi ae} Fe Patcn..60, 
“A veling & Porter, Ltd., Yarrow & Co., Lid., les Limited, Y 2trow Patent 
Riciinie tiie: SHIPBUILDERS AND ENGINEERS, ENGINEERS, IRLAM, MANCHESTER. ai ; 
aes : FEED WATER HEATERS, ; ater-Tube oilers. 
ee re SRBE Te URAR EOC! |" caxourrmuns, wratonarons, | Bet vt 
ROAD LOCOMOTIVES, EXxcepriqnaL SHALLOW Dravenr. CONDENSERS, AIR HEATERS, Mrssrs, YARROW & CO, UNDERTAKE the 


STEAM ROLLERS. 
STKAM CULTIVATING MACHINERY. 
STEAM WAGONS. aizsggaeaare 
CEMENT- MAKING MACHINERY. 


A. res Meee. Li 


CULVER STREBT WORKS, COLCHESTER. 
On ADMIRALTY AND War OFrFicr Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, page 31, last week. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 


And Auxiliary } een as supplied to the 
iralty. 
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SB. 


Stringer Brothers, 


‘Tron and Steel Bars. 
* PLATES axp SHBBTS. 








WEST BROMWICH, 6025 
ror pedo Boat Destroyers. 
Brown-Curtis Turbines up to 40,000 LHP. 


JOHN SAMUEL WHITE & SOMPANY, Lep., 
Shipbuilders and Engineers, 5758 
East Cowes, 1.W 
Patent 


Cee’ 8 Hydro-Pneumatic Ash Ejector. 
Great saving of labour. No noise. No dust. 
dirt. Ashes discharged 7 ag! of vessel. “Apply. 
¥. J. TREWENT & PRO D., Naval Archi- 
fond a oer eyors, 43, Bilitter Bidgs., — St. ~ 
indon, 


Petter Qi! t apt 


Manufactured by 
PETTERS Liuirep, Engineers, Yeovil. 
See our IUustrated Advt, every alternate week. 


(trai g & Donald, Ltd., Machine 
TOOL MAKERS, Jonwsrons, near Glasgow. 
For class of Machine Tools see our see 
Advert isement ev or alternate week. 




















as En, 08, | Suction Planta, 
Ins) 
sivice ii'3. DAVIS, Ml Mesh ae 
Road, Stratford. Telephones : Hast 1850; Stratford 
oe, Pel. : Ra oe 
Gheot fetal Gtampings, or 
rite GS 
GARTS aaeee ENGINEERING & FORGE OO,, 
), WELLINGTON , Gbaseow. 
B: am Hammers (with or 
h without Guides). Hand-worked or self-acti 
TOOLS for SHIPBUILDERS eg game re 


£P ett Luarrep, Ciasen,Ienaeatiide. 

‘ett’s Patent | jite "ia 
Limtrep. 

ramers, Presses, Furnaces, 

COVENTRY. 


» Dorling & Co., 








Ltd., 


and PUMPING BNGINES. 


ies.—Electric,; Steam, 
i voRes se and rey 


of all t and si: 
RGE RU ELL & "00: . Lrp. > 
lasgow. 


Motherwell, near G 


Fa. née Railway 





mi 6 HIRE 


Lnxp., 


sans apart 





RAILW ae 
'Y CARRIAGE, WAGON & TRAMWAY 
Be CAL “aR WAGON IRONWORK, also 
= _CAST-STREL AXLE AXLE BOXES. 
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D ALL 
DING, HAULING, AIR COMP RESBENG 


mt Les & Ty lor, Ltd., 
vabtan eration. PAY 


Repairs on Pacific Coast 
by YARROWS, —_ Victoria, ‘iggy 


um 
SHIPBUILDERS, SHIP REPATRERS AND ENGINEERS. 


(jampbells & Heer, | Pie 


SPECIALISTS IN 
Drillers & Boring Machinery 


for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 
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7Y achts, Launches or Barges 


Built complete with Steam, Oil or Petrol 
Motors; or Machinery supplied Od 3551 
VOSPER & CO., Lrv. ,BRoa STREET, PorTSMOUTH. 


lank Locomotives 
Rogge and Workmanship equal to 
Main Line motives. 
R. & W. HAWTHORN, LESLIE & CO., Lrp.., 
ENGINEERS, NEWCASTLE-ON-TYNR. 5699 
R AND 
C ochran mata Ng . 








TYPHS. 


See page 110. 5734 


(ranes. —BSteam and Electric. 


STBAM NAVVIES, GRAB ORANBS, 
SHIPS DECK K MACHINERY. 


~) ohn H. Ny see Tt 


RoaD, BIRKENHEAD. 
Lenton Oice +18, Vistorte Birast, 8.7. 
om Tbe Norman Thompson 
Fught Co., Ltd. (aarp. 1909.) 


Corrractorns To THE ADMIRALTY. 

“THB FIRM WHO GAVE THE FLYING BOAT 
TO THE NAVY.” 

ALL BRITISH BUILT. 


Works :—Mipp.eron, Boenor, Bnaianp. 
London Office:—Dewark Hovusk, 11, HayMaRKeET. 


Telegrams—“' Soaring, Bognor.” Telephones— Bognor 48. 
“Entifiyte, Charles, London.” Gerrard 7385 


"G ripoly” 
MACHINE BELTING 
Driving 


Oonveying 


Filevating 
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Sone ManuFactuReRs 


Merrill’s Patent sg nd STRAINERS for Pump 
uct 


Ee Oe at REDUCING rans? 
h-Class GUNMBTAL STEAM FITTING 
ATER SOFTENING and FILTERING, 3138 


PRESSING and MACHINING of the various 
of Yarrow Boilers, such as the Steam Drums 
See hg Peneeee? for British 


and 
necessary facilities, 
MARROW 8 CO. 





T[tabes, Tron and Steel. 
Edwin Lewis & Sons, Ltd., 
Wolverhampton. _ ses 


Pubes and Fittings 


‘tewarts and J loyds, J td., 
S , OSWALD aus Li 


LASGO 
BROAD STREET CHAMBERS, DIRMINGHAM ; 
and LONDON OFFIOB— 

Wincuester Hovsr, OLD Broap Street, B.C, 
LONDON WAREHOUSH-167,Upa. THamrsSr.,5.C. 
LIVERPOOL WAREHOUSBE—463, Paranpiss Sr. 
MANCHESTER WARBHOUSE—4S, Dranseate. 
CARDIFF WAREHOUSE—132, Bure Sr. 
BIRMINGHAM WAREHOUSES—Nrit Srreer, 
SHEEPscoTE STREET, and 10, CoLEsHILL STREET. 

See Advertisement page 28. 5701 


CO? ‘ pilents (SR) 


for Chemical & ee. Vary Mfrs, & Breweries. 
mig fee St. , London, 








ire Pixtincteurs 
bahar ng Private Bidgs., Electric Railways, &c. 
Free AppLiances Oo.,Ltd., 109, 


Tae Briss 
St., London, 8.W. Telegrams—Nonacid, London.” 


(\rittall. rittal. 


CHEMICAL ANALYSIS. 


Physical Tests. 

Microscopical Examinations. 
Heat Treatment & Pyrometer 
Tests. 

Critical Range Determinations. 


SoaLe oF Fees on APPLICATION, 


THE CRITTALL MANUFACTURING OO., Lrp., 
Brarntrer, Kesex. 
Chief Metallurgist, H.S. PRIMROSE. 


(\rittall. rittall. 
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eparators 








EXHAUST STHAM 
TURBINES COM- * 

PRESSED Al 

STERA 


M DREYER 
METALLIC PACKINGS. 
rinceps & Co., 


SHEFFIELD, 5191 


& W. MacLellan, Limited, 


sae, te WORKS, GLASGOW. 
MaNvuracTuRERs oF 





P, 


RAILWAY CARRIAGES AND WAGONS, 


OF EVERY DESCRIPTION, 
RAILWAY IRONWORK, BRIDGES, ROOFING, &v. 
Chief Offices: 129, Trongate, Guiscow. Od 8547 
Registered Offices: 1084, Oannon St., London, H.C. 
CHANTIBRS & ATELIERS 


Avsustin . Normand 


67, rue de ph HAVRE 
(Prance.) 











The Scottish ‘Tube Co,, Ltd., 


Mrap Orrice: 3M, Robertson Street, Glasgow. 
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3890 
Fast Boats. 
_oampire. cs | Dana ee ea 
i 3 M “ G wr: ieee § Patent Water-tube Boilers, Goal or Ol 
Aen eet N ew “Chicago Automatics, 
rpaner and ete ices wumieo tia iie 
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NEW CAPSTANS, 1} in. through the wire feed. 


JOHN MACNAB, Manx Sraeer, Hyper. © 





See Advertisement page 9%. 


ee re ee eee meee 





Tel. No, : 18 Hyde. 6102 





Lrp., Scorsroun, GLaseow, 
-j ohn 


ellamy J imi ited, 
MILLWALL, LONDON, E. 
GENERAL ConsTRUCTIONAL EyGINERRS, 1216 
Boilers, Tanks & Mooring Buoys 
Perron Tayxs, Ark Reortvers, Steer 


Caius. 


Riverren Stream and VewricatTine 
Pirss, 


Hoppers, Sprcra, Wonk, Repamms oF 
ALL KINDS. 


RAILWAY CARRIAGES, ELECTRIC CARS, &c. 
H™ N elson & (io. [4 
THE GLascow Rotting Stock aNp PLant hope 
MoTHERWELL. 


He4 ‘W nighteon & Co 
LIMITED. 








See Advertisement page 45, Sept. 28, 3402 


i Xc2vators. 


FROM 50 TO 600 YARDS PER HOUR, 


DD. ‘Whitaker, 


1, Union Strext, 
LEIOBSTER, 


(i astings. 








Gteel 


THOMAS SUMMERSON & SONS, Lrp.,- , 
DARLINGTON, 6209 


GOLD MEDAL-Invewtions Bxuipirion-Awanpen. 


Packham’ 8 Patent Suspended 


RIGHING MACHINBS.—BAST FRRRY 

ROAD ENGINEERING WORKS COMPANY, Lrp. 
Lowpoy, B,— lic Cranes, Grain Eleva 

See Illus, Advt. last week, page 17. 


R. Heber Radford, Son « Squire, 


BNGINEARING, TRON axp STEEL WORKS 


Valuers. 


CONSULTING ENGINEERS, REFERERS, AND 
AERBITRATORS. 








Established over 50 years. 5546° 
15, Sr. JAMES ROW, SHEFFIELD. ; 
Telegrams : ‘‘ Radford, Sheffield.” Telephone: 425, 


Rubber MANUFACTURERS. 


Conveyor Belts 


GUTTA PERCHA & RUBBER, LIMITED, 
Toronto _- - Onanada. 


(jentrifugals. 
Pott-({assels & WV illiamson, 


MOTHERWELL, SCOTLAND 
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See half-page Advertisement page 79, Oct. 5. 


B.© 8, oe, 





Spe Henn 
«nD i; San 























































































ENGINEERING. 



























Parents asp Destens Acr. 1907. 


Notice is Hereby Given that 


a oe =?>. Director of a Com ny, 
and THE H RT FROOD COMPANY, 
Brake Block Sicetieusar both of Sovereign Mille, 
Hayfield Road, Chapel-en- -le-Frith, in the County of 
Derby, Seek Leave to Amend the Specification of 
Letters Patent No, 4627, of 1909, granted to them 
for **New or or Pibron Material prepared from or 
with Textile or Fibrous Matters and the Prepase- 
tion thereof.” 

Particulars of the proposed Amendment were set 
forth in the //lustra Official Journal (Patents), 
issued on the 10th October, 1917. 

Any person or persons may give Notice of Oppo- 
sition to the Amendment by leaving Patents and 
No. 18 at the Patent Office, 25, Southampion Bulld- 
ings, London, W.C., within one calendar month 
from the date of > said Journal. 

W. TEMPLB FRANKS, 
Com ptroller-General, 

BOULT, WADE & TENNANT, Chartered Patent 
Agents, 112, Hatton Garden, London, B.C, 1, Agents 
for the Applicants. 537 


ut-workers for the Church 


ARMY.—Clergymen, Laymen and Ladies 
URGENTLY NEED (minimom four months) 
for Bases and Front in France. Fascinating sphere 
te cheer our brave men in body and spirit, Small 
allowance made ih special cases.—Pray consult 
Prebendary CARLILH, D.D., Church Army Head- 
2 ryanston Street, “Marble Arch, oa 














orrespo ndence Courses for 
ey 2 M.1.0.H., A.M.1.Mech.B. Tuition in 
separate subjects, if desired. Therough, rapid, effi- 
ay We ae under m rsonalsupervision, H 969 
8. = DREWS. Bsc, ce, Uae), , Dept, % 2, 
“ipakcenpeare © r Park, B. 12. 


[p= C.E., L Me Mech. E.. B.Sce., 


and all Banewine © Saeeeeers, —Mr. G. P. 
KNOWLES, B Inst. O.H., F.S.1., 
M.R. San, I,, PREPARES CANDIDATES personally 
or by correspondence, Hundreds of successes. 
Courses may commence at any time.—39, eegs > 
St., Westminster, 8.W. 615 


‘A MLC.E. and AMLME. 


A. Bs age Also Postal Courses in Mechanical 
= pay “19 Afreraft, Design and Mathematics.— 
NINGTONS, 264, Oxford Road, Manchester. 











TENDEBS. 


The MINISTER OF MUNITIONS is prepared 
to receive 


enders for the Pur- 
CHASE of the tptiev te sae 
MACHINERY :— 


Mills, with Sta- 
tionary pans and.revolving rollers, F.O.R. 
Preston. 
(b) Three Mills, partly finished, 
Full information can be obtained, and the Mills 
an parte can be seen by y appointment at the works 
of Messrs. Hinn & Luwn, Ltd., Atlas Works, Preston, 
Tenders must be delivered before Bleven am, on 
Monday, 29th October, 1917, addressed. to. the 
DEPUTY CHIBF ENGINEER, H.M. Office of 
Works, Storey’s Gate, Westminster, S.W.L., and 
~ endorsed * Tender for a toa Milis.” 
H.M. Office of Works, & 
Lith October, 1917. Jo 
{TER OF THE TRADING WiTH 
THE ENEMY AMENDMENT ACT, 1916, 
SALE BY TE TENDER. 


The PUBLIC TRUSTBE invited 


'Tenders for the Whole or any 
. rt of 1660 PREFERBNORB SHARDS and 

1341 ORDINARY- SHARES a3 £1 ae fall tie, 

in A. GALLENKAMP and CO , tt 

vested in him as Custodian | + 5 

Board of Trade, dated the 10th Janaary, 1917. 

The total issued Capital of the Com is 
#19,777, composed of 10,000 Six per Cent. Cumu- 
lative Pref: Shares of £1 each, and 9777 Ordi- 

pong, ewer Zi each, both ful ly paid. There are 
no Debentures or other Charge u the Assets. 

The Company, which is a private one, was formed 
in the yéar } to carry on the business which 
Mr. A. allenkamp had commenced as a private 
firm im London in the year 1880. The Soman f° 
Laboratory Fitters and Mannfacturers of 
Dealers in all kinds of Chemical and Sctontine 
apparatus. They are contractors to various Govern- 
o— Departments in connection with munition 
wor 
The net profit for the eens ented se dany, 196 
(the latest a he! sna availa! unted to 


26220, for cilcharg i 
lability for apnefe st Prence Duty at date. The 
Preference dividend has been paid regularly each 
year since the formation of the Demeeny. w 


‘ith 
regard to the Ordi 8 distribution in the 
ee ape geben wp veand hus not yet exceeded 









(a) Nine Rotary Incorporatin 





cent., but th la Re et pA pany 
applicable t to the Ordinary ¢ Ordlaary Copal hes “h 7 : 
four years av 42 per cent. 


, Londen, W.C. Peg ep we 
Weta . the 24th October, 2917, and marked on 
e en “ 
Lia ted, Share sini deetese: 


‘ublic Trustee does not bind himself to 








TO MANUPAOTUR RERS ONLY. 


COMMISSIONERS OF ae ro lade 
% gr eg are prepared to recei 
nders forthe Su 

pane slow ag a tem 


wighes be oined pee 
« Office of 





oh 
haeeoers do not bind ‘themselves to 
—— he lowest or any Tender 
Tenders must be delivered before Eleven a.m. on 
Friday, the “Bo October, 1917. addressed to hoe 
, 8. ‘Ww. 1, and endorsed “ Tender 
Sto’ 


busion 
H.M. Office of Works, &c. 
18th 


APPOINTMENTS OPEN. 
BLACKBURN *SOHOOL. TECHNICAL ~ 





Physical and Engi- 
Department REQUIRED at er 
, according to qualifications and 


rticulars can be obfained from the 
r. 1" H. Pickarp, F.R.S. 


I 
Director of Bducation, Blackburn. 
~~ HALIFAX EDUCATION COMMITTEE. 


MUNICIPAL TECHNICAL COLLEGE. 
Principal, J. Cuowruer, B.Sc 


pplications are Invited for 
e sotrinal "Maat prt oe ye the Mechanical 
neer tment. 

Candidates must be ineligible 
for military service, Teachimg experience including 
oe see work, and practical experience in an 
ng works essential. 

nrticular ep forms of acters to be re- 


turned as as possib! 
the PRINCIPAL, or =, undersi 





pol —An oe 


ngineering Firm, about i equip a modern 


— ne ogg with staal 
&c. Applicants should give full par- 
tieulars of their training and works experience, also 
state age and salary required. — Address, J 100, 
Offices of ENGINeERING. 


"Cre ‘Draughtsman Wanted, 


for Jig and Tool Office. A wee 


ha sound k ledge of 
ncthe ir enpalle ok seaiocdeg tee 


f | Practice, amd be 
lees Ene = the economical and efficient 
of munition and other work of a large 


pee orga on Govern- 
vite Four nearest 
EMPLOYMENT: os age, one 


ans moc. _Reneey weanees 


ence and salary cmmaoee cn te No. 


ual 





eronautical Engineers, 


London. 
;| Diavanientte 4 preferabl 'y, but. not necessarily 
th previous experience of ss hag 5 i 
oO - 


letter, stating age, sa 
perience 


and when d o one need apply 


who is engaged on Government work or 


who resides 
more than ag miles eS —BOX #514, SELxs, pe 
0. 4 it 


Fleet Street, E. 





First-class Mechanicall§ 


DRAUGHTSMAN REQUIRED forControlled 


Works in South Wales, Must be capable of designing 


paenez: , &c., and have had good rere exper- 
uding lay out of new p No one 
vanes & employed oA Matec oe ak typed te 
en, —A sta! qua ations and sala 
hea to ee 7 BX. 


ience, i 


your nearest EMPLOYMEN 
Cc GE, s useing J 128,.and EaGineEnine. 





98 Required, by Large Firm in 
Midlands, fully Besant DRAUGHTS- 
ane af of light railway 

wala 


MAN, with practical 
rolling stock Pind plant.—Ap 
ticulars of experience, age, 


CHANGE, mentioning this Journal ox J 126. 


Fre - par- 
uired and 
when free, to your mierek. BMP: gy BXx+ 





Required, in London Drawing 


Office of a Government Department, CIVI 


ENGINEERING ASSISTANTS ; must be ineligible 
for genera] military service ; draughtsmen 
and well — in cngineering a heenee aie ae 
Stan, salary sas and forward copies 

references to BOX No, 864, care of aes i 


Serle Street, W.C. 





anted,~ Draughtsman _ for 


the mechanical of otg trarae a 
direct current machines. aot ere 
peyereteens work will be © accepted. rite or 
Ry ron Board_ of e  EMPLOYMEW 3 

HAN cena. tale Journal and No. 
A 2631. G 457 





eading Firm of Heating 
Engineers in Provinces. REQUIRE 
DRAUG SMAN for Government bein. ogy E 





ngineers with Mechani- 
caland electrical trainin 
QUIRED as clerks of works a 
H.M. Office of Worke.—Applications 
should be made by letter only, stating age, sala: 
expected and enclosin, a es of recent testinsonia 


s Gate Westminster, $.W. 1. 


to the DEPUTY CH 
Persona! applica al cannot be considered. 


equired, by Firm of Engi 
neers, COST and ORDER CLERK, er. 

ye | have had experience in engineers’ business. 

aoet eee and permanent 


pps fo mapa a work will be en- 
, Stating e ence, salary, age, 
“é} rir Offices of Rueernentn @. a 


~ 
arge Machine and Small 
Too] business REQUIRES the serv eo of an 
BSTIMATING CLERK. No one alread 
on Government work will be engaged. 
be treated in strietest confidence, and should con- 
tain fullest partictlars as to ene 8 experience 


jred, &c. — App’ 
EMPLOY MEN p  BXCHANGE, wosrehooaing this 











in Machine ‘Tool 
Works in the eae : CLBRK, Be 
; conversant with the pr nd 
* small tool catalogues and similar =A ertising matter. 
No one already employed on Government work will 
he sere Spt vcanan 3 fullest. particulars, 


EMPLOYMEN: wy P EXCHANGE 


anted, Coniidential Clerk 


firms in’ Manchester district. 
en corms. - 

ents, 4c. °° 
heat tage work will be 


Apply. sr denen gor menreet Hit a a 
presentative Required for 


the North of England 
facturing tee tengo - 
neering experience 











business smbiliy’ a and 


engaged on Government work eed af 


sae gene am to your removed 
er, with, Good Ex perience 


of materials <td 
the Midlands. No one a 
on Government work need a ply. me smn 





employed on Government work will be engaged. 


age, qualifications and salar — to 
your nearest EMPLOYMENT HXC B, men- 
tioning this Journal and J 43. No ~ already 





[D2ughtemen Required for 


jal work under the Admiralty: 


(a) Four Mechanica! Draughtsmen, must be first- 
class men with general engineering 
experience and technical training. Those 
used to light interchangeable work pre- 


ferred but not essential. 

(b) One Ship Draughtsman used to Admiralty 
practice. and with experience in ship’s 
fitted preferred. 

Address, J 132, Offices of Exnaryzertye. 





[)r2ughismen Required, for 


'y with experience 
of aeroplane construction. No one on Government 
work need EP, kaa ny your nearest EM PLOY- 

ANGE, &tati e, experience arid 
salary required, arid mention ng No. A 3867. 3125 


Aeronautical'work, preferab: 


MENT EXC 





in| | jraughtsman. .—Wanted First 


class Mechanical Draughtsman, thoroughly 
conversant with steam and water pipe work, also 
with the lay out of Blectricity Generating Piant ; 
must be ineligible for - Military service.—State 
particulars and salary required.—Address J, 118, 


Office of ENGINEERING. 





Wanted, for the Electrical 


En -_ Department of a large steel 
and iron are in the North Midlands, several 
pi OMe MEN, who have had experience 

the design of HB. H.T. and H.T, sub-stations, and 
the lay-out amd installation of nroters, cables, 
switchgear and special appliances in connection 
with the driving of heavy steel works: or other 
similar plant engaged on varied classes of “war 
work. Applicants are requested to give their age 
at references and details of their trainin, ren | 


and enbm 

and experience ; also to state the wages u 

= the earliest date wpon which they could take 
their dutiés ff selected for the post. 


No person 
7 on Government work will be em- 
— y, your nearest 
HANGH, mentioning this Jonrnal and J 104. 





peta Required at 


once, non-eligible for < miley service, = 


thorough stical eri els an tence, 


able of sof tapervising _ erection Pe 6 


No one li more thai Q miles away or 


tare | Writes at on’ overnment Saale will be — w 
statin erences, pee Baden yo 


required, toJ ik 0 of BXGUVEFRING. 










Drvsitsman Require I, 
Applicata to. state 
~ Gage. —Address, Tim, Ofpees ot = = 


‘Wanted, One or Two Firek 


class DRAUGHTSMEN, ih = 
experienced in bigh-vlass instruments 4 
important Government work.—Adaress. cing fall 
particulars of qualifications, stating 
oe. oe when at liberty, J 6, Off: es p Ener, 


(qood Draughtsmen Wanted anted, 
experienced in :— 
(a) Steel ars, construction ; 
(b) Reinforced concrete work ; 
ea (c) a station details. 
pply, stating age, experience, salar 
and when available, to PRERCE. ae 
SNELL & no 8, Queen Anne’s (ate, West- 
minster, 8.W. 1 


a 
(2 or Two Competent 
DRAUGHTSMEN required, wit!) expertence 
in design and detailing of rolling and @ 
machinery, structural steel work and works 
y rearcteet for important Government Wer work, 
ications are invited only from accurate and 
fable men. Salary according to experience, No 
peace on Government work will be en 
pply, stating age and fullest detailed part 
of experience to figs nearest EMPLOY MENT BE. 
CHANGE, mentioning this Journal and No. ‘= 


W anted, Junior Engineering 


DRAUGHTSMAN for temporary work 
a Government departnient. Under military 
ineligible. Neat tracer. State particulars of cae: 
img, salary required, references, &c., to BOX 23, 
eare of J. G. Kine & Bon, 10, Bolt Cx vurt, Pleet 
_ 3% 







































Street, H.C. 4 


‘A sistant Designers Required 


immediately. for important Admiral 
Establishment. Applicants must be neat 
quick, also well.up in small details. Give fall 
particulars of experience, copies of recent 
testimonials, state salary required, age, and present 
salary to BOX No. 1244, care of Messrs, RLF: 
Wuirre & Sow; General ism Agents, 38, 
Fleet Street, London, B.C. Jin 


W anted, Technical ‘Design 


ASSISTANTS for electrical firm in the 
Midlands. Experience of transformer and alter- 
nating current design advantageous. Nobody’ 
engaged on Government worts need apply. —Apply, 
ays eto and salar non a to your nearest 

MENT EXCHANGE, quoting No. —_ 











stimators (1 machining aa 
1 Fitting) in the Planning Depart ment ofan 
Engineering rm (Controlled), manufacturing 
Aero Engines and Motor Lorries, in the neighbour- 
hood of Bristol. Only first-class men not already 
engaged on Government. work need apply te 
nearest HM PLOYMENT EXCHANGE, mentioning 
this Journal and J. 45. ‘State age, experience, 
salary required, etc. 


equired, for Controlled 

Establishment in the Midlands, the services 

of a First-class FOREMAN TOOLMAKER, to take 

full charge of Tool Room and separate Too! Stores 
of a new Munition Factory. 

Only men experienced in the making and 
hardening of aceurate jigs, gauges, gear cutters, 
teps and bobs would suit, 
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The Heat Treatment of Tool Steel. By Harry BREARLEY. 
Second Edition. London: Longmans, Green and Co. 
[Price 108. 6d. net.} 


Mr. BREARLEY writes for the trained artisan, the 
foreman, the merchant and the manufacturer’s 
agent, who have to meet complaints, and he hopes 
that his volume will be useful as well to the maker 
as to the user of tool steel. That class would also 
comprise the engineer, who cannot always be 
expected to command the metallurgical training 
required to understand the various sides of special 
papers presented to learned societies, nor to grasp 
the full meaning of the figures on test certificates, 
about which experts themselves would differ, and 
who finally has to make the best of materials about 
which he has but little information. We have no 
doubt that the volume will be found generally 
most useful, though other practical experts might 
occasionally give other advice. The chief thing is 
that the reader is told what to look for and how to 
avoid trouble and to cure defects by suitable heat 
treatments, the great possibilities of which are now 
generally recognised. 

In this second edition of his book Mr. Brearley 
refers at greater length than in the first to steel- 
making operations; he omits the chapter on case- 
hardening, with which he has dealt in a special 
volume. On the other hand, alloy steels receive 
fuller attention, nearly 40 pages out of a total of 
223—-well illustrated and comprising the welcome 
index—being devoted to this subject. It must be 
pointed out at the same time that this last chapter 
practically confines itself to alloys of tungsten and 
chromium, and that alloys of cobalt and nickel, and 
also of molybdenum and vanadium are merely 
alluded to. Without deviating from technical 
language in a popular sense, Mr. Brearley clearly 
explains his points ; he might have said a few words 
on the meaning of Brinell hardness numbers, 
however. 

Having explained the structure, classification 
and appearance of steels with special regard to the 
properties desirable for the purpose which the 
respective tool is to serve, the author defines temper 
as denoting the natural degree of hardness, which 
can be varied by the introduction of more or less 
carbon. But he declines to define “body” and 
“ nature,” terms which have no precise meaning, as 
they do not refer to anything that can be weighed 
or measured, but which had their justification in 
days »wher thie purchaser had to rely on a brand 
rather than upon analyses and tests, and when the 
purity of the Raw Materials of Crucible Steel 
(Chapter II) and the skill of the men counted much 
more than they do at present. Discussing the 
Properties of Ingots, Mr. Brearley says that much of 
the superiority of Swedish steel and of the dis- 
appointing behaviour of some electric-furnace steels 
is merely a question of casting, and proceeds to deal 
with these problems as he did exhaustively last 
autumn before the Iron and Steel Institute.* Before 
passing to Rolling and Forging Tool Steel (Chapter V) 
he discusses some physical defects (pipes, blowholes, 
roaks and laps) in the finished bar, which is the raw 
material for the tool-maker, and the lessons to be 
drawn from the appearance (frequently misleading) 
of fractures. Chapter VI, Annealing, and the 
special temperatures recommended in it, would be 
clearer if this chapter had followed VII, on Physical 
Changes in Steel on Heating and Cooling, which 
also gives the theory of Hardening (Chapter VIII). 
The volume of a piece of steel, the author states, 
always increases on hardening, although the length 
of a bar, and both the length and the breadth of a 
sheet, generally decrease, the main increase bein 
in the direction at right angles to the cooling 
surfaces. The reason for the net increase is that the 
new constituent formed above the calescence-point 
—the author distinguishes between calescence and 
recalescence on the heating and cooling curves 
respectively—as made permanent by sudden cooling, 
has a lower specific gravity than the constituent out 
of which it was formed. Hence the quicker the 
cooling, and the higher the quenching temperature, 
the greater in general the increase in volume. The 
hardening effect of quenching he considers confined 


of See ENGINEERING, September 29, 1916, page 315. 





to a narrow range of temperature, usually between 
680 deg. C. and 720 deg. C.; subsequent cooling 
below 680 deg. does not harden the steel, but it 
prevents the tempering reaction from the still hot 
interior which, if not suppressed, would render the 
steel soft again. All tools should be hardened at 
the lowest possible temperature for the desired 
purpose, and the science of hardening resolves itself, 
according to the author, into attaining this tempera- 
ture in a uniform manner and into quenching with 
due regard to the complications introduced by the 
size, shape, &c., of the tool. While smiling at the 
old-fashioned superstitious beliefs in mysterious 
hardening fluids, Mr. Brearley points out that 
scientists are not in accord as to the requisites of a 
quenching material. Benedicks ascribed the cooling 
property chiefly to the latent heat of evaporation 
of the liquid, paying little attention to viscosity, 
thermal conductivity and specific heat. But in the 
curves of Le Chatelier and Haedicke on the relative 
times required for cooling, water spray and water 
of 20 deg. C., also salt water, come out best, while 
mercury, linseed oil, boiling water and fused lead 
appear least effective. Mr. Brearley does not regard 
these curves, which were based on experiments with 
specimens of small size, as final, of course; but he 
points out that water has a very high specific heat, 
and mercury a low one, and that most hardening 
effects can be secured with water, though constant 
temperature baths (of oils, salts, metals) have their 
advantages; he would, for instance, recommend 
lead baths for files. Thallner, it is also mentioned, 
has a preference for petroleum and glycerin when 
intense hardening is desired. 

This subject is continued in Chapter IX, Temper- 
ing and Straightening, which is interposed before 
the descriptions of special devices for Hardeni 
Typical Tools (X) and of Hardening Plants (XII) are 
resumed, the latter following another chapter (XI) 
on Defective Tools; Mr. Brearley might alter his 
sequence. He mentions that the tempering colours 
do not reliably represent fixed temperatures, as the 
colours are influenced by the duration of the heating, 
and he exemplifies in many ways how proper 
shaping can obviate the formation of hardening 
cracks, for instance, the splitting-off of the sharp 
edges of a cylinder. The precise work for which a 
tool is intended should always be known in the 
tempering shop. Objects should be heated some 
20 deg. C. or 30 deg. C. above the thermal change- 
point on the heating curve and be allowed to cool 
uniformly to about 10 deg. above the cooling change- 
point. To make this possible, and to avoid the 
intermediate cooling in the atmosphere, where 
uniform cooling is difficult to ensure, he would work 
with two baths. On the other hand he advises not 
to heat in the furnace higher than to the temperature 
to which the tool needs to be raised for hardening. 
Smooth cracks he ascribes to hardening strains 
pure and simple, irregularly-forked cracks to free 
cementite, cold-working or over-heating ; not rarely 
the defects may be due to the melting furnace or to 
the ingot casting, though it may be hard actually to 
trace them back to these sources. 

Mr. Brearley repeatedly expresses distrust of the 
round bar. He considers the round bar the most 
difficult of all sections to forge without starting 
defects, and also the most risky to harden. If a 
round bar must be tapered, he would first gently 
flatten and square it, and then only shape it into an 
octagon and finally a round, lest it split in the 
centre or crack in hardening. He does not believe 
that the cracks form because the outer parts shrink 
on the inner in cooling; if the outside of a round 
steel bar become quite hard before the inner portion 
has been cooled below the temperature at which the 


& | critical expansion takes place, he says, then, when 


it does take place, the hardened exterior must crack. 
We do not quite see why this argument should so 
particularly apply to round bars; but one under- 
stands why bars of large diameters should be 
especially endangered. A bar of small diameter 
would rapidly cool and harden throughout ; in the 
larger bar a core of unhardened steel would remain. 
One, further, comprehends why the marked dimen- 
sions of large forged objects may vary appreciably 
after rough turning; the removal of the strained 
surface has enabled the internal material to assume 





its free shape. 





As regards small-size tools and tools with fine 
and cutting edges, Mr. Brearley agrees that they 
should approximate in composition to a pure iron- 
carbon alloy. For larger-size tools, to be intensely 
hardened, Siemens steel, containing up to 0.6 per 
cent. or 1 per cent. of manganese, might answer, 
though such steels might break on hardening. Alloy 
Steels are discussed in the last (XIV) chapter, after 
Pyrometers (XIII), in which latter chapter Mr. 
Brearley expresses a preference for silica sheaths 
without outer protective iron tubes, because the 
men then know that they have a fragile material to 
handle, and because a breakage in such tubes is at 
once discovered, whilst it may be overlooked in 
the other case. We have already referred to the 
limitations of the section on alloy steels. Otherwise 
this chapter is as good and as full of useful hints as 
the others. Attention is drawn to ‘‘ red-hardness,” 
the hardness which resists, not abrasion, but the heat 
generated in cutting, to the blisters of impure iron 
oxide, due to hardening in oxidising atmospheres, 
and to cracks produced by rash grinding. There 
are also some excellent photographs of the micro- 
structure of these alloys as well as of ordinary 
tool steels. 


The Organisation of Thought, Educational and Scientific. 
By A. N. Wurremeap, 8c.D., F.R.S. London : 
Williams and Norgate. [Price 6s. net.) 
Tus volume is a collection of addresses delivered 
on various occasions, some before and some during 
the war, the far-reaching effects of which it is 
not possible entirely to eliminate from the treatment 
of the recondite subjects here considered. Some 
of these addresses carry us far from practical 
concerns, the author inviting his readers to follow 
him into the nice subtleties on the borders of 


ming! metaphysics, that afford delight to those who 


prefer to wander in the arid paths of abstruse 
science in search of severe logical truths. Other 
discourses relating to practical matters connected 
with mental training and development should 
command a larger audience, since it is freely 
admitted that the art and science of education 
require a particular study of their own, and the 
more varied the standpoints from which the subject 
is presented the better. A continuity of thought 
and purpose is traceable throughout the whole, 
though some years separate the earlier from the later 
utterances, an evidence of concentration of study 
and of sincere conviction. This detection of a 
common line of reflection is the more remarkable, 
as there is no apparent connection between the 
subject-matter that forms a stimulating address 
to the students of a Polytechnic Institute and 
the modifications introduced into physical science 
by the modern conceptions of relativity and all 
that it implies. One connection may be perceived 
in the earnest desire to reach scientific truths and 
to remove all entangling disguise that hinders clear 
thought and accurate perception, another in the 
anxiety to preserve the value of precise logical 
reasoning in demonstrating the ideas which lie at 
the base of all scientific and philosophic investi- 
gation. 

The address which gives the title to the volume 
is that delivered before the Mathematical Section 
of the British Association at the Newcastle meeting. 
In these days organisation is a word to conjure with. 
It is a panacea for all the faults of omission or 
commission that afflict the body politic. It fulfils 
other purposes, obvious and recondite. We are 
told here that it is no accident that an age of science 
has developed into an age of organisation, for science 
is the organisation of thought, and 
thought is the basis of organised action. But 
organisation, to be an effective force, must be use- 
fully and energetically directed, or it will squander 
its energy in perfecting its own machinery rather 
than in furthering continual movement of con- 
vergent streams of progress. Therefore it is 
necessary that organisation should draw its support 
from the parallel streams of theory and practice. 
Science is likened to a river having two sources, 
one stream is the channel that directs our actions 
to achieve predetermined ends, the other quickens 
the desire to understand, furnishing the capacity to 
formulate correctly the rules that order events. 
One branch is not more important or more worthy 
than the other, either may prove beneficial or 











402 


ENGINEERING. 





[Oct. 19, 1917. 








harmful. “‘ There are evil ends directing actions 
and there are ignoble curiosities of the under- 
standing.” 

The immediate problem or purpose is to inquire 
into the nature of the texture of science, and it is 
seen that this woven structure is essentially logical. 
If men of science have grown distrustful of the 
fructiferous nature of logical theory, the author 
would trace this disposition to the benumbing effects 
of the worship of authority and the reverential 
attitude assumed towards any statement made 
by a classical author. Here, as elsewhere, the 
author displays a refreshing fearlessness of being 
reckoned among iconoclasts. Another reason for 
the alleged distrust of logical theory is the belief 
that deductive reasoning gives nothing new. It 
has been said that you cannot get more out of 
mathematics than you put in, or, as the author 
expresses himself, “‘ Your conclusions are contained 
in your premises, which by hypothesis are known 
to you.” 

The author discerns four departments of logical 
theory, and, rather whimsically, as it may appear 
to some, though quite natural to a mathematician, 
he finds these four departments bear the character- 
istics of arithmetic, algebra, general functions, and 
analytic. There is no actual connection between 
the separate divisions and arithmetic, algebra, &c., 
respectively, but the names are suggestive of certain 
qualities of thought which are reminiscent of 
analogous qualities in those mathematical processes. 
The remainder of the address is devoted to develop- 
ing this thought and tracing the interrelatedness 
of observation and logic, a course that justifies 
the statement that “ neither logic without observa- 
tion nor observation without logic can move one 
step in the formation of science.” 

Those who desire further acquaintance with 
simple logical relations, and are not afraid of getting 
out of their depth, may pursue analogous lines of 
thought as Professor Whitehead presents in un- 
familiar and bewildering array modern views on 
time relations, space relations, thought objects of 
perception, the first data of science. Others, whose 
science has not felt the need of metaphysics, will 
read with greater pleasure and edification the 
author’s address on “‘ Space, Time and Relativity,” 
glad to find themselves on the less perplexing 
ground of physical science conceptions, as generally 
understood. Possibly admiration will be more 
readily accorded to the simple method by which 
the cunning mathematician arrives at the funda- 
mental equations of the principle of relativity than 
to the exhibition of the philosophic difficulties 
connected with time and space. Certain curious 
results follow, however, from which there is no 
escape. One result is to show that each of us 
employs a determinate measure-system and that all 
these measures agree within the limits of observa- 
tion. In regard to time, however, there is a 
difficulty in determining its definite uniform flow. 
If all physical influences require time for their 
propagation in space, “all idea of an immediate 
wy nig to us of an aspect of the world as it in 
act is must necessarily be abandoned. What 
we perceive at any instant is already ancient 
history, with the dates of the various parts hope- 
lessly mixed.” This mey appear a hard saying, 
but one cannot say that it is not scientific. The 
author hints that gravitation is a physical influence 
that does not require time for its propagation, but 
the foundations for this belief are being sapped and 
alternative hypotheses being considered. 

The remaining addresses generally are devoted 
to the great problem of education and the enuncia- 
tion of the principles that should govern its practice, 
whether literary or technical ; not that itis necessary 
or even desirable to conceive a barrier separating the 
two. If a national system is offering a 
literary and a technical curriculum, each should 
include the ether. We are quite at one with the 
author when he asserts that a balance of intellect 
and character can be maintained by aiming at the 
attainment of literary culture, scientific culture, and 
technical culture. ‘No one of these methods can 
be exclusively followed without grave loss of 
intellectual activity and of character. But a mere 
mechanical mixture of the three curricula will 
produce bad results in the shape of scraps of in- 


formation never interconnected or utilised.” ' These 
are perhaps well-worn topics, but the necessity of 
urging fundamental truths, in season and out of 
season, does not grow less from frequent repetition. 
He renders good service who puts his points with 
vigour and freshness, and Professor Whitehead’s 
brilliant addresses to the Mathematical Society in 
1916 and 1917 will do something to strengthen the 
hands of those who struggle for the recognition of 
adequate education. We have heard more than 
once such well-meaning phrases as ‘“‘ Don’t teach 
too many subjects,” and “ What you teach, teach 
thoroughly.” Such aphorisms are the common- 
places of the educationist, but we hear another 
and a fresher voice in Professor Whitehead’s urging 
the eradication of that “fatal disconnection of 
subjects which kills the vitality of our modern 
curriculum. There is only one subject-matter for 
education, and that is Life in all its manifestations.” 
And, again, “In the conditions of modern life 
the rule is absolute, the race which does not value 
trained intelligence is doomed. Not all your 
heroism, not all your social charm, not all your wit, 
not all your victories on land or at sea can move 
back the finger of fate. To-day we maintain 
ourselves. To-morrow science will have moved 
forward yet one more step, and there will be no 
appeal from the judgment which will then be 
pronounced on the uneducated.” We will put 
down the book with these weighty words ringing 
in ourears. To many they should bring a chastened 
spirit and to all they utter a word of warning. 
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THE ARRANGEMENT OF MACHINE 
SHOPS.—No. XX. 
By JoserH Horner. 

In these arrangements it is impossible now to 
underrate the highly important place that is 
occupied by the methods of lubrication of the cut- 
ting tools, and of the work on which they operate. 
These have been profoundly modified, and largely 
recast since the drip can practically disappeared 
from live shops, having been exorcised by the coming 
in of the automatics, of the high-speed tools, and of 
machines of immensely greater power than those 
which they have displaced. The movement appears 
to be in a fair way of becoming standardised in 
regard to arrangements and methods in the more 
advanced establishments. Certain broad principles 
of design and lay-out are being adopted which we 
propose to consider in this and a succeeding article. 

The employment of lubricants sufficient in volume, 
and selecting suitable liquids, is repaid in a great 
increase in cutting speeds, in coarser feeds, with 
resulting heavier cuts, and consequent increased 
production. It conduces to the durability of tools, 
and lessens risk of damaged tools and of spoiled 
work. Lubricants prevent an excessive rise in 
temperature, which is ruinous. to tool edges and 
produces distortion of the work. They fulfil two 
other functions in some classes of production. 
They wash away chips that would otherwise 
accumulate and choke and impede the action of the 
tool. They favour the production of a smooth 
surface, which is desirable or necessary in certain 
cases. Some classes of lubricants and some 
methods of their application are more suitable for 
the accomplishment of the particular results desired 
than others are, hence arose the extending practice 
of selection and specialisation of the liquids them- 
selves, and of the mechanical arrangements made 
for their supply in deep bores, and where chips 
are adhesive, as with drills, milling and gear cutters 
working on tough carbon and alloy steels, from 
which the chips are not readily detached, and where 
considerable force is required to effect their dis- 
ruption and removal from the vicinity of the tool. 
Here, therefore, pressure is necessary, conveyed 
through the medium of a large volume of liquid, 
amounting to many quarts, or in some cases to 
several gallons per minute. Without such provision 
the tools would ‘lose their efficiency or become 
broken, and the bores or grooves or recessed 
portions become choked. The positive force pro- 
vided by a pump is necessary to drive the chips 
out of their contracted surroundings and to detach 
them from the cutters. 

Regarded from another aspect, this extensive 
subject does not stand where it did. Though the 
term “lubrication” is employed that is because 
it is a legacy from the past. The functions which are 
specified by that term and by that of cooling are 
now understood to be subjects which are distinct 
from each other. The changed views of the present 
are being reflected in the character of the liquid 
preparations which are now employed. Of late 
the word “coolant” has come into common use. 
It signifies a preparation the function of which is 
primarily that of preventing the tool and the work 
from becoming overheated, to distinguish it from 
those media the primary function of which is that 
of lubrication. The two actions are distinct, 
although the medium employed has to accomplish 
both purposes. But the selection is not the same 
for different kinds of work, since in some the cool- 
ing action must lominate, in others the lubrica- 
tion. So it follows that a lubricant or a coolant 
may fail to give satisfaction not because it is of an 
inferior kind, but because it has not been selected 


| with due knowledge of its suitability or otherwise 


for the character of the work on which it is being 
used. Here, as in so many other matters, questions 
of lubricating fluids and methods are becoming 
problems for experts to solve. é 

In the term “ coolant ”’—a word not yet in the 
dictionary—is comprehended the difference between 
the earlier and the present views. Formerly 
attention was given to lubrication, now it is directed 
primarily to the carrying away of the heat generated 
by cutting. The distinction is an important one. 
The view was formerly held that a lubricant should 
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be inserted between the chip and the point of the 
tool, to enable the chip to slide away as freely as 
possible, with the minimum of friction. But that 
is now regarded as a matter of secondary importance, 
as being one which is not easy of realisation, because 
of the very close contact which exists between the 
chip and the tool point as long as the chip is sliding 
down the face, until it is either bent or broken. 
Lubricants, if their function is regarded alone, are 
moré necessary when the chips are continuous, as 
in the tough steels and wrought iron, but less so 
when the chips become broken up immediately, 
which is the case in cast-iron and the brasses, and 
in all crystalline materials. Such metals and alloys 
are frequently not lubricated at all because there 
is little friction between them and the tool point by 
comparison with those first named, in which it is 
excessive. The need both for lubrication and 
cooling has grown in consequence of the very heavy 
cutting which is now adopted. Little trouble is 
experienced with light cuts and slow speeds. But 
heavy cutting done at slow speeds produces great 
friction and develops much heat, which must be 
carried away as rapidly as it is produced. With 
increase in cutting pressures and in speeds, and in 
the cross-sectional areas of the chips removed, the 
lubrication idea has been largely abandoned, or, 
rather, merged in the vastly greater one of cooling— 
that of conveying away the heat generated as 
quickly as possible. Instead of attempting to 
reduce the temperature by lessening the friction, 
the incipient heat is taken up and carried off by a 
large volume of liquid, which may be a pure oil, 
or much more frequently a compound, in which 
oil may be but a minor ingredient. Or oil may be 
absent, as in the old solution of soda and soap in 
water, which is still largely employed on automatic 
lathes and milling machines. And though the 
number of these coolants has increased and their 
employment has extended, that fact alone does not 
indicate the vital difference between the new and 
the older practice, which consists in the vastly 
larger volumes now used, the full steady streams 
that are circulated, with or without pressure, and 
directed over the point of the tool and its vicinity, 
thus removing the heat generated before it has 
increased to the abnormal extent which would 
be damaging to the tools and injurious to the 
accuracy of the work. This is one secret of the 
increased cutting speeds which are so characteristic 
of the practice of the present day. 

When selecting a cooling liquid the matters 
which have to be considered are the nature of the 
material to be cut and the kind of tool used, the 
effect of the lubricant, its freedom from liability to 
gum and clog pipes, and, as important as eitlier, 
its cost when a large establishment is concerned. 
But this is a relative matter, since if a costly oil 
or mixture be selected it may well prove more 
economical than a cheaper one if an efficient recovery 
plant is installed. 

The materials tooled with lubricant usually 
embrace every metal and alloy except the brasses 
and the cast-irons. But these are not now so 
frequently excepted as they formerly were. In 
many shops brass is regularly lubricated, especially 
so in turret lathes and milling machines, with a 
view to increased production by keeping tempera- 
ture low; and in a lesser number cast-iron is so 
treated. These materials are made to share in the 
general system of supply when such is installed. 

The character of the machine tool being used 
influences practice, although in some firms the same 
lubricant is used throughout for all machine-tool 
operations if no great diversity exists in these, in 
which case a pipe supply system common to all the 
shop is laid down. In other cases mixtures are 
varied. 

Lard oil is the best of the pure oils for lubricating 
purposes. But its cost is high and it is liable to 
gum. Its qualities or grades also vary, and when 
fatty acid is present in large amounts corrosion will 
result. It is therefore more often mixed with 
mineral oil. Or, instead, its place is taken entirely 
by the mineral oils, which are less expensive. But 
the cooling compounds that are now chiefly used 
are prepared with water, caustic soda or potash, 
an animal oil, and a mineral oil, the last being 
often the principal ingredient. The soda or potash 





form with the animal oilasoap. This is mixed with 
the mineral oil, to which the volume of water is 
added. The soap holds the oil in suspension, and 
prevents it from rising to float on the surface. 
Without this precaution the oil would become 
separated from the water, and then water alone 
would be delivered to the cutting tools. The 
preparation of such compounds opens a wide field 
for variations in proportions, and favours the 
preponderance of the cheaper and less satisfactory 
ingredients. Manufacturers offer compounds in 
various grades for different classes of work, and 
send samples for trial. In this way it is possible 
to ascertain in what degree compounds fulfil the 
requirements desired for lubrication and cooling, 
with freedom from gumming and corrosive effects. 

As lard oil is the best pure oil, so it is the best to 
provide the body for a mineral oil. It is best for 
all heavy tooling, for tapping and threading coarse 
pitches, for heavy milling, turning and boring. 
It makes a basis which can be thinned down to 
lesser degrees of viscosity for lighter services. 
For the lightest duties on automatics and for brass 
work mineral oils used alone are satisfactory. 

From among the very numerous formule which 
have been offered for cutting compounds the 
following by Messrs. D. A. Stuart and Company, 
Inc., of Chicago, are typical and representative. 
This firm takes as a basis a “treated” lard oil, 
denoted by the trade name “ Dascolene.” This 
is used pure for pipe-threading on iron and steel 
pipe, using hand stock dies, or machines. For 
lubricating steels of high carbon content and heat- 
treated steels used in gears and munitions, 70 per 
cent. of the pure oil is mixed with 30 per cent. of 
kerosene. For use on high-speed tools machining 
heavy drop forgings and carbon steels, shrapnel 
and gun boring, 60 per cent. of the pure oil is used 
to 40 per cent. of 28 deg. to 30 deg. paraffin or red 
mineral oil. For gear-cutting with high-speed 
tools, for machining ordinary drop forgings, for 
stay-bolt threading, for most carbon steels, and for 
automatic screw machine work, 50 per cent. of the 
pure oil to 50 per cent. of 28 deg. to 30 deg. paraffin 
or red mineral oil is recommended. For machining 
cold-rolled steel, vanadium, chrome, nickel and 
high-carbon steels, in sizes from } in. to 1} in. on 
high-speed automatics, &c., 40 per cent. of pure 
oil to 60 per cent. of 28 deg. to 30 deg. paraffin or 
red mineral oil. For high-speed automatic screw 
machine work, using high-speed cutting tools for 
turning brass screw stock and soft steels, in sizes 
up to } in., 25 per cent. of pure oil and 75 per cent. 
of 28 deg. to 30 deg. paraffin or red mineral oil. 

In contrast with the practice of using oil mixtures, 
many firms employ a compound of which water is 
the basis, rusting being prevented by the employ- 
ment of soda, and soap providing a lubricating 
element. This was the old practice, and it answers 
well for light duties, but if lard oil is included that 
provides a desirable body. A mixture recom- 
mended by Messrs. Alfred Herbert, Limited, is 40 
gallons of water, 28 lb. of soda, 7 lb. of soft soap, 
10 gallons of pure lard oil. The mixture to be 
boiled for three hours before use. 

After the suitable oil or compound has been 
selected, results hang as much on the volume supplied 
and on the manner of its application. This aspect 
of the subject is one which is characteristic of very 
recent practice, a growth of the new century. It 
wears three aspects—the supply of compound from 
its source, the provision made for distributing it 
to the various kinds of machines and tools, the 
collection and removal of used compound, its treat- 
ment, purification, and return to the source where 
the cycle recommences. Many and diverse are 
the systems and methods which are in vogue in 
those machine shops where the highest efficiencies 
are sought and secured. 

The supply of compound from its source is effected 
either by gravity or by means ofa pump. Gravity 
includes the dropping from a can suspended over 
the tool, the volume being regulated by a tap. 
This is now considered only suitable for a small 
product which requires light turning or threading. 
When it is retained, it is chiefly in cases where no 
main shop supply has been laid down. Possessing 
such a system, small volumes can be regulated in 
a better manner than the can affords. The other 





gravity system is that in which the compound is 
fed at a pressure corresponding with the head 
afforded by the height of a supply tank located 
under the shop roof, one which is satisfactory for 
ordinary pressures. An example of this kind was 
illustrated in Article V of this series, on September 
22, 1916, in connection with the shops of the 
Brooke Tool Company, Limited. The volume of 
lubricant is delivered to individual machines by 
the various taps, nozzles and jets, which are pro- 
vided in great variety for dealing with all kinds of 
tools and classes of work. In this system the 
pressure due to head is not great enough for some 
machines, as these doing deep drilling or heavy 
milling. In these cases, as in those where special 
lubricant is used, the ccmmon practice is to provide 
a pump and tank as an essential part of the equip- 
ment of the individual machine tool. The pump 
propels the compound to the delivery pipe. The 
used lubricant returns by gravity to the tank, to 
be used again, until such time as it becomes so 
dirty that it must be treated by filtration and 
purification. These two systems broadly include 
all machine-tool arrangements made for lubrication. 

The pump, which is the first element in a system, 
occurs in four designs. The plunger is the oldest, but 
it is seldom used now. The wing type has blades 
moving eccentrically in the bore of a cylinder 
similarly to some blowers and exhausters, and is 
fitted to certain hack sawing machines. The 
geared design, also familiar in many blowers, is 
employed more extensively than any other. Lastly, 
there is the centrifugal form, which is free fromsome 
objections that may be urged against the others. 

The Trahern rotary gear pumps are made by the 
Trahern Pump Company, of Rockford, Illinois, 
U.S.A. Two designs are shown by Figs. 186 to 191, 
page 404, one being non-reversible, the other capable 
of being run in either direction. The first is 
designed for general service, the second for use on 
machines in which the spindle is reversed, as in 
some automatic screw machines and lathes. They 
are attached in any convenient position at the 
rear or end, being driven by belt, or in some eases 
by chain, whence piping, rigid and jointed or 
flexible, conveys the lubricant to the tools. 

The essential mechanism in these pumps is a 
pair of cut gears, Figs. 187, 189 and 191, which 
run together, and are enclosed and fit closely in 
their casing. The lubricant, entering one side of 
the case, is drawn round and delivered from the 
side opposite—escape in any other direction being 
impossible. A belt-pulley on the shaft of the gear 
which drives is speeded at 300 r.p.m., 400 r.p.m. 
or 500 r.p.m., to provide deliveries of different 
volumes. The foot, cast with the casing, is bolted 
to the machine. Figs. 186 and 187 show the non- 
reversible pump alone, but three fittings are properly 
included. One is a relief valve attached to the face 
plate on the side opposite to the pulley, as seen in 
the designs Figs. 188 to 191, in which case another 
end plate is fitted as shown, in place of the plain 
cover plate seen in Figs. 186 and 187. This valve 
is shown in Figs. 188 and 191 for both designs of 
pumps. The valve permits the supply to be cut off 
at the discharge without stopping the pump. 
Should the delivery be shut off while the pump is 
running and no valve is fitted, something would 
burst. The other desirable fittings are a check 
valve and a strainer, both being used on the suction 
pipe that comes from the oil tank. 

These pumps are made in four sizes. The smallest 
delivers from 1} gallons to 2} gallons per minute, 
at pulley speeds of 300 r.p.m. to 500 r.p.m., using 
j-in. suction and discharge pipes, and 3-in. ay 
on a %-in. shaft. The largest delivers from 9 
gallons to 164 gallons per minute, at similar speeds, 
with 1-in. pipes and a 5-in. pulley on a -in. shaft. 

The drawings, Figs. 190 and 191, show the 
reversible pump as fitted with relief valves. The 
section, Fig. 191, gives the pitch lines of the two gears 
in contact, their points corresponding with the 
bores of the casing, and the lower gear being the 
driver. Here the suction and the delivery ends are 
each provided with two ball valves, which are free 
to move relatively to their seats, but are confined 
within their chambers. Passages connect and 
regulate the action of the upper and lower sets of 
balls. Openings in the passages admit the liquid 
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to the gears, which being carried round by these is | the pump to be set in one of three different positions, | primed. The pumps Figs. 194 and 195 illustrate 
discharged. The reversal of the driving pulley has | horizontal or vertical, the better to suit varied | two of this type by the Cincinnati Lubricant Pump 
the effect of closing one set of valves and opening| machine and driving locations. The two equal | Company, of Cincinnati, Ohio, U.S.A., to which the 
the other. These pumps are also made in four| gears are of gun-metal, fixed on their shafts with | trade designation “Fulflo” is applied. In each 
sizes, with speeds and discharges similar to those | Woodruff keys. The driving shaft which carries | the impeller A is rotated in its casing by a belt, 


Pig. 186. 


Fig.182, 


Fig. 194. 
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Fies. 186 To 191. 





























Rotary Gear Pumps By THE TRAHERN Pump Company, ROCKFORD, 
Inurnois, U.S.A. 













Fires. 192 anp 193. Rotary Gear Pump sy Messrs. H. W. Warp anv Co., Lomrep, BrrMIncHaM. 


of the non-reversible design, and also fitted with 
check valves and strainers. 

The rotary pump manufactured by Messrs. H. W. 
Ward and Co., Limited, of Birmingham, is shown 
by Figs. 192 and 193. In preference to the usual 
provision of a foot, three holes A are substituted, 
either one of which, being slipped on the end of a 
piece of shaft and tightened with a set screw, permits 





the pulley is fitted with a screwed gland, a lock 
nut, and asbestos packing. The pumps are made 
in three sizes. The smallest delivers 1 gallon per 
minute at 400 r.p.m., the largest, 3 gallons per 
minute at 200 r.p.m. 

The centrifugal design of pump is not so liable to 
become choked with grit and foreign matters as 
the geared pumps are. It does not require to be 
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Fies. 194 anp 195. THE “ FutrLto” CEnNTRI- 


FUGAL Pump BY THE CINCINNATI LUBRICANT 
Pump Company, CINCINNATI, Onto, U.S.A. 


ungeared, Fig. 194, or through gears, Fig. 195, the 
pulley of the latter having an internal toothed gear 
which drives a pinion on the impeller shaft. The 
passage between the impeller and its casing has a 
cross-section which is not less than that of the inlet, 
which is for }-in. pipe, so that anything which 
can enter the intake will pass through the pump. 
The lubricant descends to the pump which cannot 
lose its prime. By regulating the speed from one 
to twenty gallons per minute can be delivered. 
With a pulley speed of 300 r.p.m. 5 gallons per 
minute is delivered; at 350 r.p.m. 10 gallons, at 
400 r.p.m. 15 gallons, and at 450 r.p.m. 18 gallons 
per minute. These figures are obtained on lifting 
the lubricant 12 in. up to the pump and forcing it 
4 ft. up to the outlet pipe. To obtain more flow 
at this head, or the same flow at an increased head, 
it is only necessary to increase the pulley speeds. 
Both pumps are attached to their machines with 
the base cast with the body. The difference 
between the two is that the second is geared 3 or 
4 to 1 for general service, the first is directly 
driven for grinding machines which run at a high 
speed. In this (Fig. 194) the pulley speed is 1,200 
r.p.m. Under the same conditions of lift and head 
it delivers 5 gallons per minute; at 1,400 r.p.m. 
it delivers 10 gallons, at 1,600 r.p.m. 15 gallons, 
and at 1,800 r.p.m. 20 gallons per minute. Pro- 
tection is provided against grit and dirt by the use 
of a combination packing, comprising a metallic 
substance, graphite, rubber and flax. In neither 
pump is the construction complicated by bearings 
for the impeller, since it is mounted directly on 
its driving shaft. 





THE QUEBEC BRIDGE. 

As briefly announced in our issue of September 28 
Jast, the central span of the Quebec Bridge was 
safely hoisted into place during the preceding 
week. We reproduce herewith a photograph taken 
during the second of the three days over which the 
work extended. The span was constructed on 
staging built out into the river a few miles below 
the bridge site. When complete, it was floated 
off this staging by means of scows, and towed 








to the bridge, its arrival there being timed to 
coincide with the period of slack water—a necessary 
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THE LIFTING 


OF THE CENTRAL SPAN OF 


THE QUEBEC’ BRIDGE. 








precaution, as the current attains during each tide 
a speed of over 7 miles per hour. As our engraving 
shows, each arm of the cantilever was provided 
with a swinging truss, which could be lowered 
so as to hang in the vertical position shown. The 
trusses were designed to act as mooring frames, 
providing a firm anchorage for the pontoons and 
the span they carried, until the latter could be 
attached to the lifting chains. These chains were 
of the plate-and-pin type. The plates were each | 
30 ft. long by 30 in. wide, and 1} in. thick. The | 
lift was effected by hydraulic jacks having a travel | 
of 2 ft. Four of these jacks were used to support 
each corner of the girder, and they rested themselves | 
on a jack-girder slung from the cantilever arm. 
The rams supported a second jack-girder, and the 
lifting chain could at will be secured to either the 
upper or the lower of these jack-girders. At the! 
end of each traverse of the jacks the chain was 
pinned to the lower jack-girder and the rams run | 
back. This done, the chain was then pinned again 
to the upper jack-girder, and the lower pin being | 
removed, a second lift of 2 ft. was effected. The | 
total lift was 150 ft. and the total weight of the 
girder 5,142 tons. The procedure on this second 
successful essay at erection was in all essentials | 
the same as last year, when the failure of a casting | 
led, it will be remembered, to the fall of the span | 
into the river, after one-fifth of the total lift had | 
been successfully effected. This catastrophe in- | 

volved the loss of 25 lives. 





THE HEAT-INSULATING VALUE OF 
ROOFING MATERIALS. 


By W. M. Taornton, D.Sc., D.Eng., Armstrong 
College, Newcastle-on-Tyne. 

UnpER certain conditions, where extremes of 
temperature are to be avoided, the heat-insulating t 
property of a roof is scarcely less important than its 
strength and durability. In the last but one report | 
of the National Physical Laboratory there is an | 
account of a test of roofing by means of measuring 
the heat lost from a heated room, which leads to 
the remarkable conclusion that the rate of emission 


of heat by radiation from the covering surface has | 





Wee 
a 


more effect on the inside temperature than the rate | 
of conduction of heat through the material. | covering slab under test is the same so long as the 

This result is of importance in the roofing of large | electrical current in the radiator is constant. The 
factories of a semi-permanent nature, where the | rise of temperature of the air within is equal to the 
temperature depends more upon the covering than | | heat received divided by the mass and specific heat 
in the case of buildings having a closed air space | of the air contained. There were 0.363 lb. of air 


at which heat is received by the upper surfaces of the 


under the roof. heated, and the specific heat at constant pressure is 
The emission of heat as low-temperature radiation | 0.432 British thermal units per pound of air per 
is reversible in the sense that under the same degree rise. Thus the heat transmitted through 


|conditions heat is transmitted at the same rate | the slab to the air is 0.157 British thermal units per 


inwards or outwards. One is the case in hot, the | degree C. rise when this is uniform. The thermo- 
other in cold climates, but a roof that will keep a meters were graduated in degrees Centigrade. The 
building cool in summer will be equally effective | sets of observations could be repeated within 1 per 
as a winter covering. cent., that is, as closely as it was possible to read 

The question having arisen in connection with the |the thermometers. The method gives good com- 


use of certain roofing materials it was decided to parative values; the absolute rate of transmission 


repeat the National Physical Laboratory test by a | is dependent upon the mass of air éontained, which 
method the reverse of that used by them. Instead | | because of expansion is less at the higher tempera- 
of heating a room and measuring the heat lost| tures. Since, however, the rise of temperature 
| through the roof, a smaller chamber was made by | inside lowers the thermal gradient through the cover 





| bolting together slabs of 3-in. thick “ nonpariel ” 
cork, and exposing its cover to strong radiation. 


|The box was made 18 in. square and 2 ft. deep 
| inside, so that slabs of roofing of convenient size, 


such as slates, could be placed in position to cover 
the chamber without requiring special support. 


the rate of-rise is not constant for more than 10 
minutes after the start, a steady state being reached 
in about an hour. It is this initial steady rate of 
rise that has to be determined, and the expansion of 
the air does not perceptibly affect the first few 


| readi 


ings. 
A light enclosure of three-ply wood rested on the, The results, tabulated in the next column, confirm 
top edges of the box and served to hold the “ cover” | the National Physical Laboratory conclusion, that 
| down. Upon the top of this, at 2 ft. from the cover | the heat-jnsulating value of a roefing material, under 


under test, an electric radiator was fixed consisting | conditions as nearly as possible those to which 


\of strips of high-resistance metal, presenting when | it is to be exposed, depends more upon the nature 


heated by a current of 10 amperes at 240 volts a | of its surface than upon its thermal conductivity. 
bright red flat surface, radiating energy at 3 h.p.| A sheet of galvanised iron was obtained on which 
Space was allowed around the radiator for convec- | the crystal surfaces of the alloy were fresh and 


|radiation was applied. The temperature of a 


_F.), equivalent to strong direct sunlight. The rate 


tion air currents to escape, while the top surface of | 
the material under test was shielded from draughts. 
Thermometers passed through the walls, one near 
the top, the other at the bottom of the chamber, and 
the air within was circulated slowly by a light fan 
driven by an electric motor placed outside the box. 
The test consisted in observing the rate of rise of 
temperature in the chamber from the time the 


thermometer with blackened bulb resting on 4 
blackened cover of the box was 70 deg. C. (158 deg. 





bright. Such a surface is practically a mirror, and, 
as will be seen, only 111 heat units entered per 
100 sq. ft. per hour. But that the heat transmitted 
depends largely on surface conditions was seen at 
once by the increased rate of transmission caused 
by blackening the surface facing into the box, the 
outer surface being unchanged. Half as much more 
heat then passed. Reversing the plate, so that the 
outer surface was black and inner bright, more than 
doubled the last rate, and when both surfaces were 
blackened the large amount of 581 units per hour 
was transmitted. These results were confirmed by 
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tests on corrugated iron taken from actual roofs. 
When blackened above and left soiled by use below, 
but otherwise untouched, 472 units entered. This 
clearly proves that the thermal conductivity of the 
plates, which was the same throughout, has in the 
case of iron coverings less influence than the 
emissivity of the surfaee upon the heat transmitted. 
Old galvanised iron allows more heat to pass than 
glass, a remarkable result. The slates are good, 
but in proportion heavy. Deal ing covered 
with asphalted felt, though thick, is not so heavy 
as Welsh slate, and is one of the best insulators. 
In this case its poor conductivity is evidently not 
negligible, and in all thick roofing materials it is | 
probably of importance. 
Heat Transmitted through Roofing Material Exposed to 
Strong Radsation. 
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1. Bright galvanised iron 
| sheet se oe -+| 0,268) 111 | 0.04 -6 
2. Galvanised iron, black- 
ened below oe --| 0.40 | 168 | 0.04 6 
3. Galvanised iron, black- 
ened above ee --| 0.93 | 385 0.04 1. 
4. Galvanised iron, black- 
ened above and below ..| 1.40| 581 | 0.04 i. 
5. Galvanised corrugated 
iron after one month's 
exposure to the weather..| 0.75 | 310 | 0.033 | 1.28 
6. Do. one yess es o-| 1.02 422 0.033 1.28 
t, (9) painted black above ..| 1.13 | 472 | 0.033 1.28 
8. ng glass, serrated ..| 1.10 | 453 | 0.22 2.25 
9. Welsh slate 0.81 | 337 0.17 | 2.9 
10. Westmoreland slate 0.60 | 248 | 0.25 4.8 
ll. j-in. T.G, deal cove 
with asphalted felt 0.30; 124 | 1.0 2.6 
12. Fibrocement | } 
after one month in use 0.78 | 325 0.2 1.8 
13. Do. after one year in use. 0.80 | 334 | 0.2 1.8 
14. Do. painted dead black ..| 0.82 | 3841 | 0.2 1.8 
15. Do.“ Aluminium-finished ” | 
outside .. ae --| 0.50] 207 | 0.2 1.8 
16. Do. Laid on top of thin 
asphalted felt .. ; 0.51] 211 | 0.25 2.0 
| 








In the National Physical Laboratory tests a 
comparison was made between galvanised corrugated 
iron and an artificial roofing material containing 
asbestos, of which “ Fibrocement ” is an excellent 
example. By the kindness of the British Fibro- 
cement Company, of Erith, Kent, results of tests 


made on their roofing are also given. Two important |™ 


facts are at once evident, the material has the same 
order of heat insulation as Welsh slates, the pro- 
perties of which, in thickness and lasting power, it 
was presumably made to imitate. Between 35 per 
cent. and 50 per cent. less heat passes through it, 
even when it is blackened, than through old 
galvanised iron. Aluminium-painting the outer 
surface, so as to give it a brightness approaching 
new galvanised iron, greatly reduces the heat passing. 

A suggestion was made in the National Physical 
Laboratory report that air spaces in roofing materials 
might be advantageous. A satisfactory means of 
doing this is to lay corrugated asbestos cement 
plates on the thinnest asphalted felt or other light 
sheet material, supported by tlte roof frames. The 
effect of this is shown by the table to be equel to 
that of a aluminium surface, and where heat insu- 
lation and lightness are of the first importance, a 
strong and efficient roofing can be made in this way 
at a reasonable cost. 





HARDNESS AND HARDENING.* 


By Professor T. Turner, M.Sc., A.R.S.M. (University 
of Birmingham), Vice President. 

HaRDNESs is a property which is of t importance 
in connection with the practical uses of metals. This is 
evidenced by the numerous methods which have been 
introduced from time to time for testing hardness, and 
also by the abundant literature which has been published 
on the subject. The latest contribution to this study 
is a “ Report of the Hardness Test h Committee 
of the Institution of Mechanical Engineers ” (November, 
1916), in connection with which a bibliography has been 
prepared. I have been privileged to assist in the pre- 
paration of this bibli phy, which contains references 
te some 131 papers and other publications dealing with 
hardness hardness tests. Even this list does not 
touch the question of hardening, which has been discussed 





* Paper read before the Institute of Metals, Sept 


by Sir George Beilby, Professor Edwards, Mr. McCance, 
the present writer, and many others. To the rt 
above mentioned three appendices are attached, which 
ive the views on the nature of hardness of Professor 
nwin, Sir R. Hadfield and Dr. Tutton respectively. 
From these appendices, which are of great interest, it is 
evident that the members of the committee, and those 
who took part in the discussion, are not agreed upon 
the fundamental conceptions as to the nature and 
definition of that which they were endeavouring to 
measure. 

Definitions and Measurement of Hardness.—It has 
been frequently stated that hardness is a property which 
cannot be measured or readily defined. This is merely 
another way of saying that we have not made up our 
minds as to what we mean by the term “ hardness,” 
for there is little difficulty in framing a definition when 
once a clear mental ption is reached. That which 
can be accurately defined is capable of measurement. 
Though so eminent an authority as the late M. F. 
Osmond has used the word “ measurement ”’ in connec- 
tion with hardness tests (see report Sur la Dureté: 
sa définition et sa mesure, Paris, 1892), physicists appear 
to have pretty generally expressed the view that hardness 
cannot be measured. Professor H. Le Chatelier, in 
discussing the Report of the Hardness Tests Research 
Committee, page 777, admirably states this view .as 
follows : “ Twosimple characteristics determined whether 
&@ quantity might be measured or not. If measurable, 
it should catisty the laws of equivalence and accumu- 
lation. Temperature, though it followed the law of 
equivalence, did not follow that of accumulation. For 
instance, two bodies raised to the same temperature 
would not give a higher temperature if brought together. 
So that temperature could not be measured—all that 
could be done was to register it on certain scales. 2s 
Hardness was exactly the quantity which follow 
neither the law of equivalence nor that of accumulation.” 
It may be dangerous for one who can make no claim 
to be a physicist to differ from so recognised an authority 
as Professor Le Chatelier. On the other hand, it may be 
inconvenient to take words which have been familiar 
for centuries, and to endeavour to limit their ps geen 
to the specialised uses of modern science. In the present 
instance it may be pointed out that a property is not 
necessarily a quantity ; and it would scarcely be urged 
that hardness is a quantity in the sense of the physicist. 
Further, it may be remembered that the word ‘‘ measure ”’ 
has a much wider use in our language than is suggested 
by the laws of equivalence and accumulation. 

What we ire, for practical purposes, is to be able 
to register hardness on a numerical scale, just as we do 
density, tenacity, viscosity, or other properties. For 
example, we determine relative density; it does not 
follow the law of accumulation, because if two bodies 
of the same density are brought together the density is 
not doubled—unless they are gases which can be com- 
pressed into half their original space. The determination 
is accurate, and similar results are obtained on repetition. 
Shall we say the density has been measured ; or has it 
only been registered or determined ? To the physicist 
the choice of a word here may be important. But the 
ordinary reader might be misled if he were told that 
the gl or the elastic limit, of a metal cannot be 





easured. 
The definition which I myself prefer is that hardness 
is the property whereby a body is able to penetrate 
another body; and, conversely, it is the property whereby 
a body resists being itself penetreted. is does not 
materially differ from the definition proposed by M. 
Osmond in 1892, that hardness is “‘ resistance to per- 
manent deformation.” Sir Robert Hadfield’s definition 
is simply ‘‘resistance to deformation.” From the 
hanical aspect, hardness, as so defined, will closely 
correspond with the ‘“‘ yield-point ” or ‘‘ breaking-down 
point” of the material. In ductile materials, such as 
relatively pure metals, of which mild steel is an example, 
the yield-point is often roughly proportional to the 
ultimate tensile strength. In such cases the hardness, 
as measured by the stress per unit of area required to 
produce penetration, is less than, but varies with, the 
tenacity. In brittle materials the yield-point and the 
ultimate st h are practically identical ; in such cases 
tenacity and hardness will nearly coincide. The hard- 
ness may, however, exceed the tenacity, since in a 
tensile test the particles are drawn away or separated 
from each other, while in a penetration test there is a 
certain amount of “‘ backing” in the material, which 
tends to support the penetrating body. 

With penetration tests, such as those of Brinell, in 
which an appreciable quantity of metal is displaced, 
the true hardness is not obtained, since the displaced 
material becomes more or less work-hardened, and 
another similar test on the same spot will not give the 
same result. The difference may, however, not be 
large. In wearing tests the polishing, and consequent 
hardening, of the rubbing surfaces on the one hand, or 
their disintegration on the other, may lead to quite 
err lusior Theoretically the production 
of a scratch of standard width, and of indefinite thinness, 
with the employment of an ascertained weight, would 
appear to most nearly meet the ideal conception. For 
practical purposes the requirement of a smooth surface, 
and the difficulty of accurately deciding the character 
of the scratch, has prevented the extensive use of 
scratching tests by engineers, though such tests are still 
preferred by mineralogists and other workers. The 
conception underlying the Brinell test is a simple one— 
namely, that a unit of surface will just maintain a stated 
pressure before being deformed. long as the amount 
of deformation of the sample is not excessive, and 
provided the body to be tested is not brittle, the Brinell 
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number closely corresponds with true physical 
hardness. 


nee aes 2 a many pn » however, 
the engineer does not y require ess, though he 
asks for it. What he does desire is resistance to wear, 
or to deformation, or some other property or com- 
bination of properties which are of importance for the 
particular purpose he has in view. Thus, if we consider 
@ wearing or grinding test, it is necessary, if the metal 
is not to wear away quickly, (1) that the particles on the 
surface shall not be readily displaced, and (2) that the 
2 so displaced shall not be readily removed. 
th conditions are necessary: either alone is not 
sufficient. Substances which are really hard do not 
permit of their particles being readily displaced—hence 
they wear well. Plastic metals do not permit of their 
displaced particles being readily removed—hence they 
too may give good wearing surfaces, though they are 
really very soft. The wearing properties of manganese 
steel, for instance, would appear to be due to two causes : 
(1) The relatively high natural hardness of the material 
itself ; (2) the fact that the particles which are displaced 
from the surface do not come away and form a powder, 
but are plastically spread over other parts of the surface ; 
they are thus capable of being repeatedly displaced, 
and are warbphastianel before being ultimately lost. 
A number of unfortunate terms have been introduced 
during the last few years, such as “tensile hardness,” 
“wearing hardness,” “elastic hardness,” and so forth. 
These terms are misnomers. Thus tensile hardness is 
merely tenacity ; but tenacity indirectly measured by 
some apparatus which is found to give results which, 
when multiplied by a suitable factor, are approximately 
the same as those obtained by the tensile testing ine. 
This term has been almost exclusively used in connection 
with tests of mild steel, such as is used for constructional 
rposes, and for somewhat harder material as employed 
or rails. In such cases, as has been already pointed out, 
the true hardness is less than, though ~ onan | 
proportional to, the ultimate tensile st ‘ 
ardness of Pure Metals.—If attention were con- 
fined to the pure metals in their cast, annealed, or 
unwrought condition, the question would be. much 
simplified, for the hardness varies inversely as the 
atomic volume. In other words, the hardness increases 
as the number of atoms in a unit space increases. Mr. 
8. W. Smith has also shown that with liquid metals 
surface tension varies inversely as some function of the 
atomic volume,* while Dr. F. C. Thompson suggests 
that the elastic limit is dependent upon surface tension. 
Dr. Tutton has shown that with a number of substances 
other than metals the hardness varies as the molecular 
volume, provided always that similar materials are 
compared. Dr. Tutton has also pointed out that it may 
be anticipated in crystallised substances, owing to the 
arrangement of atoms in the crystals, there may be some 
differences of hardness in different directions in the 
same crystal. 
It is frequently stated that pure metals are not to be 
obtained commercially ; but it is worthy of remark how 
exceedingly = some commercial samples of metal 
really are. ‘Thus lead, tin, and zine are sold by the ton 
with an analysis which shows 99.95 per cent. of the 
respective metal, and only one part in two thousand of 
total impurity. But for the majority of purposes pure 
metals are too soft, and must be hardened in some way. 
Methods of Hardening.—There are three meth 
whereby the ess of a pure metal may be increased : 
(1) By alloying ; (2) by cold working ; (3) by chilling. 
Chilling may be ed as a combination or variation 
of the first two methods. It may lead to the setting up 
of internal strains, which really produce the effect of 
cold work; or it may change the chemical composition 
of an alloy by causing some constituent to remain in 


solution, or even prevent a constituent from going into 
solution. The hardening of steel and the softent of 
certain bronzes by chilling are examples of this effect 


on internal composition. Ultimately, therefore, metals 
or alloys can only be hardened by a change of composition 


or by strain. 

When we add to one metal another metal, or other 
element, and allow the product to solidify, the result is 
@ mixture, a compound, a eutectic, or a solid solution. 
The useful ductile alloys are, almost without exception, 
solid solutions. Since this fact has been recognised 
special attention has been given to the nature and 
properties of metallic solid solutions, and some important 
generalisations are now fairly well known.t : 

Hardness of Solid Solution.—As we pass from either 
end of a series of solid solutions towards the centre of 
the series it will be found that the hardness, the limit 
of elasticity, and the tensile strength increase, but the 
ductility (as measured by the extension and the reduction 
of area) and the electrical conductivity decrease. The 
melting-point usually changes fairly larly throughout 
the series. These facts for a series of solid solutions of 
a metal A, and any other metal, metallic compound, or 
non-metal B, which forms a series of solid solutions with 
the metal A, may be diagrammatically represented in the 
simplest possible manner, as in Fig. 1. 

a series of solid solutions interrupted by the 


aA 





pr of comp or of eutectics, these will be 
indicated by irregularities in the hardness and other 
physical properties, at such points as correspond with 
the end of the series in the respective cases. : 

It will thus be seen that it is possible to harden either 
constituent by addition of moderate proportions of the 
other. At the same time the material becomes less 
ductile—in other words, more brittle. A point is fre- 
quently reached at which the tenacity can no longer 


* Journal of the Institute of Metals, No. 2, 1914, 


vol, xii, 206. 

+ See ro oll and Shemtschushny, Journal of the 
Russian Physical Chemical Society, 1908, vol. xi, pase 
1067; also Dr. Desch, ‘“‘The Hardness of Solid Solu- 





tions,” Faraday Society Discussion, 1914, page 46. 
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be increased with safety, owing to the continued increase 
in brittleness. But the metals we add do not necessarily 
dirainish the ductility in their alloys at the same rate 
as they increase the tensile strength. For example, 
nickel, copper, manganese or chromium may be added 
to steel in such proportions that the improvement in 
tenacity is much greater than the deterioration in 
ductility. Hence the application of such metals, in 
suitable proportions, in steels for special purposes. 

In the copper alloys the same general principles are 
adopted. The proportion of zinc which can be added to 
copper, in order to strengthen it, is limited by the loss 
of ductility, having regard to the purpose in view. For 
ductile brasses, as is well known, the limit of zine is 
usually about 30 per cent. Small quantities of iron or 
of manganese may increase the tenacity more rapidly 
than they deteriorate the ductility. Of this we have 
examples in the manganese and iron brasses. 

It is stated in the ninth report of the Alloys Research 
Committee, page 133, that the effect of adding manganese 
to an alloy of copper and aluminium was to raise its yield- 


point and tensile strength without reducing its ductility 
correspondingly. [ENGINEERING, vol. lxxxix, 128.] 
With ine knowledge of the effects of relatively 


small additions of the less common metals to our alloys, 
it is probable that @ useful field will be opened for in- 
¢c their hardness without producing brittleness.* 
"“Hetdenine by Cold Work.—Turning now to the 
hardening of metals by cold working, it is well known, 
to those interested in the wrought metal industries, 
that the effect of such processes upon the mechanical 
properties of many metals and alloys is remarkable. 
The yield-point and tensile strength are raised, while 
the elongation and reduction in area (or ductility) are 
markedly lowered. The electrical conductivity is only 
slightly affected. Further work put upon the metal 
causes it to fracture. By suitable annealing the material 
may be rendered soft and ductile as before. The material 
in its wrought state not only has eoeed strength, but 
is also harder than the original metal oralloy. But when 
that hardness is measured by different instruments, such 
as the sclerometer, the scleroscope, or the Brinell tester, 
it is not found that the values obtained are in agreement. 
Hence the hardness produced by cold working is different 
in kind from that resulting from the alloying we have 
previously discussed. ; 

It might perhaps be assumed that rolling, hammering 
or pressing a metal would render it more dense, and that 
the observed increase of hardness is due to such added 
density. But any c of density due to mechanical 
processes is far too small to permit of being explained 
on the principle of atomic volume. Further, as a matter 
of fact, the change is ultimately in the opposite direction. 
The first result of pressure is to close up any pores, 
cracks, or blowholes, and thus to increase the apparent 
density ; hence bars are usually’more dense than the 
ingots from which they have been rolled. The subse- 

ent effect of cold working is slightly but appreciably to 
diminish the relative density of the worked material. 
It is important to consider how this change is brought 
about. 

If @ piece of metal be stressed to any extent below its 
elastic limit, and the stress is removed, the metal returns 
to its original form and volume, and no hardening 
results. But if the stress be increased, so that the elastic 
limit is passed, permanent stretching or strain results, 
and the metal becomes “ worked-hard.” This stretching 
or deformation occurs, as has been shown by Rosenhain 
and other workers, chiefly, if not entirely, by shearing 
slip along planes of internal crystal symmetry. It 
matters not whether the force be applied in the form of 
@ pull of a tensile machine, a blow as from a hammer, 
or pressure as in a compression test ; there is no hardening 
unless there has been shearing flow, and this flow gene- 
rally, if not universally, results in a small but appre- 
ciable diminution of density.t We may profitably inquire 
how this change of density*originates. 7 

Cause of Work Hardness.—If we imagine a solid crystal 
which is under strain, as a result of which shear occurs 
along a plane of crystal symmetry, it will be evident 
that at the moment the particles are pushed asunder, 
and caused to slide upon each other, they were clinging 
to each other, and were separated only with difficulty, 
and by what we usually call a “pull” of sufficient 
st h. The materials thus clinging to each other, 
and forcibly separated, were in a state of tension. It 
would therefore appear that the intervening layer of 
“amorphous” material cannot be in a normal or un- 
cunt condition, neither can it be in compression ; 
it must therefore be in a state of tension. When a bar 
of metal is in tension it becomes longer, and the extension 
is proportional to the stress applied. But in such @ case 
the bar becomes thinner as it elongates ; so the extension 
must not be regarded as indicating any volume change. 
Yet doubtless there is a small, t nevertheless real, 
volume change when the bar is stretched or compressed. 
It is just as real as the expansion of a gas on reducing 
the pressure, though almost indefinitely smaller in 
amount. It is this volume change, due to tension, 
which leads to the observed diminution of density in 
wrought metals. 

That diminution of density does result from cold 
working has been shown experimentally by many 
observers. Thus Brunton found that in drawing steel 
wire its ific gravity could be increased from 7.768 
to 7.998 by cold work, but that when this point was 
reached further drawing caused the density to decrease. 


* P. Ludwik has recently published a research dealing 
with the hardness of a large number of alloys (abstract, 
The Ironmonger, April 7, 1917). 

+I understand that when coinage blanks are pressed 
there is an increase of density. If this is so it must be 
regarded as a special case, as the specimen is practically 
in a closed box and is not free to expand. 








Kahlbaum has shown that the density of platinum 
wire is reduced from 21.43 to 21.41 by wire drawing. 
Lowry and Parker found that metallic filings are in a 
worked-hard condition, and that by annealing their 
density increased. Professor Lea, of Birmingham, 
has found that the density of mild steel is dimini if 
it be subjected to compressive stress which leads to 
distortion. ony it may be recalled that Professor 
Heyn, in his May lecture,* has proved that in cold-rolled 
bars the outside is in tension and the inside in com- 
pression. 

Hardness and Tension.—When steel, which contains 
carbon, is hardened by means of rapid cooling, it is 
well known that the density of the hard steel is less than 
that of the soft or annealed material. Hence Professor 
J. W. Langley suggested the hypothesis that hardness 
corresponds with a condition of internal tension, and 
softness with the ab of tensi H. E. Field,t 
a little later, suggested that the hardening of iron is 
due to the particles being forced and held farther and 
farther a , whether by heat or mechanical means. 
W. Metcalf, in discussing Field’s paper, stated that cold 
working reduces specific gravity, while it increases the 
hardness, tensile, transverse and torsional strength. 
He has also proved by actual measurement and weighin 
on @ commercial scale that the density of cold-rolled 
——- iron bars was less than that of the original 
metal. 

These tests were conducted at Messrs. Jones and 
Laughlin’s works when Mr. Metcalf was acting as 
assistant to Major W. Wade. Specific gravity tests 
showed that the cold-rolled iron was less dense than the 
hot-rolled bars. Major Wade was so surprised with the 
results that he arranged for a number of samples to be 
weighed, without vouchsafing any reason. Mr. Metcalf’s 
results agreed with those of Major Wade, but they were 
so contrary to what was then the general theory that 
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further tests were made. Hot-rolled bars were pickled, 
cleaned, carefully measured, and the cubic contents 
calculated. They were then cold-rolled and carefull 
measured, when it was found that the increase of length 
more than compensated for the reduction in diameter. 
Many similar examples could readily be found. 

Films in Tension.—The conception of stretched layers 
existi between the particles of a cold-worked metal, 
or at the surface of a polished metal, has led various 
thinkers, and especially our president, Sir George Beilby, 
to recognise the similarity which must exist between 
such layers and the surface tension with which we are 
familiar in liquids. This surface tension leads to the 
formation of so strong a skin upon water that a fly can 
walk upon it or a greased needle float. But it would be 
unwise to assume, because there are some obvious 
similarities, that therefore all the laws which are 
applicable in the one case are equally true in the other. 

t is evident that if a membrane is to be stretched 
there must be some body to which it can be attached, 
or to which it can adhere. The head of a drum is an 
illustration of this fact. In the case of a liquid drop the 
skin extends all round; but in other instances the film 
support is supplied by the sides of the containing vessel. 
It is interesting to inquire how the planes can remain 
stretched in a solid body, such as a cold-worked metal. 

If we could imagine the extreme case of the whole of the 
crystalline material being converted into the amorphous 
state, and all the planes being parallel to the length of 
the body, we should have an impossible condition, since 
all the layers would be in extension, with nothing to 
them extended. This could only exist with a body 
acti under external tensile stress. Such a body 
a be incapable of shearing strain; its yield-point 
and its ultimate stress would coincide; it would be 
brittle like glass. Glass is brittle because there are no 
planes of shear. But in the case of a metal or alloy 
consisting of mixed crystals, differently oriented, strain 
leads to the production of a series of slip planes in each 
crystal aggregate. Adjoining areas, as viewed in a 
microscopic section, have their planes at various angles 
to each other, owing to the different arrangement of the 
component micro-crystals in each c aggregate. 
These planes, or thin films of amorphous material, may 
be regarded as being held in tension either by the rigidity 
of the crystal envelope (or cement), or by the mass of the 
unc material, or by both of these. But in ordinary 
mechanical pre » such as rolling, hammering or 
drawing, we have not to deal with a —_ deformation 
and one set of shearing planes in each crystal grain 
Deformation follows deformation, and are set up 
in many directions. These slip planes cross and recross 
each other, their direction being limited only by the 








* Journal of the Institute of Metals, No. 2, 1914, 
vol. xii, page 18; Encrveerine, May 15, 1914. 

¢ Bulletin of the American Institute of Mining 
Engineers, 1903, page 571. 


necessities of crystal symmetry. A section thus shows 
@ network of crossing lines, each of which we assume 
to correspond with an extremely thin layer in tension. 
hag a in —_ = an intricate network, which 
is held together by tightly stretched strings or tapes, 
and supported by inkersaning, unaltered crystalline 
material. When we remember the great strength of a 
lattice girder, or of woven wire, we can more readily 
understand how these extremely thin layers of amorphous 
material, all of which are in tension, are able to confer 
great tenacity and hardness upon a worked ductile 
metal. The fact, referred to Rosenhain, that metal 
which has been hardened against tension is softened 
against compression is entirely in harmony with the 
foregoing explanation. But since the whole of the 
crystalline material never is, and never can be, com- 
sea converted into the amorphous condition, it 
ollows that there must be unequal hard | 
tenacity throughout the various 
hard material. 

Herein lies the essential difference in the character 
of the added hardness which is conferred by alloyi 
and by cold working respectively. In the case 
alloying we deal as a rule with a solid solution, which, 
as a result of osmotic pressure is in a state of molecular 
tension, and every unit of which is of similar composition. 
It is true that with casti “ coreing ’’ occurs, but that 
does not really affect the argument. With a. solid 
solution various methods of testing hardness should give 
results which are in general agreement. Worked-hard 
metals, on the other hand, are less uniform in hardness, 
and if tested in various ways may give different results, 
d ding upon the character of test selected. 

imits of Work Hardening.—It may be of interest to 
consider to what extent a metal may be hardened, or 
have its tenacity increased, as a result of cold working. 
It is difficult to suppose that any means could be found 
whereby the tenacity of a film of metal could be made 
to exceed the tenacity of a thin polished film at the 
surface—that is to say, to exceed the surface tension. 
Now Quincke calculated the capillarity constant of 
certain solid metals and alloys, or, in other words, the 
pull exerted upon 1 mm. of surface. With iron, silver 
and gold the ratios of the hard to the annealed state 
were about 3 or 4 to 1. With certain alloys it was 
less than 2, With steel it was about 7 to 1. These 
values must be regarded as rough approximations, and 
merely indicate the kind of numbers with which we have 
to deal. What they do show is that even if the whole 
of a sample of metal could be converted into material 
having the properties of a surface film, there is a definite 
limit to the hardness which could be imparted by the 
processes of cold working. In other words, after a 
certain point had been reached further work would not 
confer ter hardness, but would cause fracture. 

But if it be true, as before suggested, that it is 
impossible to convert the whole of any metal into thin 
films, in @ parallel direction, then it would follow that 
the attainable limit for increased hardness is below the 
figures which have been previously mentioned. In 
practice, for example, cast copper has a tenacity of from 
about 10 tons to 14 tons per square inch, When it has 
been drawn as far as is mechanically ible, in view 
of the purposes to which it is to be applied, its tenacity 
is from about 24 tons to 28 tons. Roughly, therefore, 
its tenacity has been doubled. In some cases less than 
this is possible; in exceptional cases more can be 
obtained. But always the maximum is only a small 
multiple of the original. 

Even if we had information as to the proportion of the 
mass which had been converted in stretched films, it 
would not appear possible to calcvlate what the increased 
hardness or tenacity should be, and so check it by 
experiment. For if we anaue view that these planes 
are like so many strong passing through the 
material ; that they are of .varying length, and crossing 
and interlocking with each other at an indefinite variety 
of angles, it will be seen that we are dealing with a 
system of astonishing complexity which none of the usual 
methods of examining stresses would be able to unravel. 

In a recent paper by P. Ludwik,* of which I have 
only as yet seen an abstract, the view is expressed that 
the phenomena of cold working are not explicable by 
Sir rge Beilby’s amorphous pd me ae or by Tam- 
man’s translation hypothesis. Ludwik draws attention 
to the fact, which had already been stated by Professor 

M. Howe, and carefully studied by tthewson, 





an ~ 
portions of the worked- 


keep that the greater the amount of mechanical work the lower 


is the temperature at which softening takes place on 
annealing. In the foregoing remarks I have endeavoured 
to show that if it be assumed that the amorphous material 
exists in the condition of thin films, in tension, akin to 
surface films of liquids, then the results of cold wor 

can be readily understood. And it would appear to follow 
that the more numerous these films are, and the more 
they are strained, the more readily will they tend to 
adjust themselves as the temperature is raised. 





INCREASED PRropvucTION oF CoprER In Norway.— 
At the est of the Union of Norwegian Copper Works 
the State has granted pone for raising the maximum 
prices for copper as follow: For Bessemer copper, from 
4 kroner 75 Gre to 5 kroner 30 Gre per kilogram; and 
for refined copper, from 4 kroner dp ére to 5 kroner 
60 Gre per kilogram. This has only been given on the 
distinct understanding that the copper works belonging 
to the union and now working do all in their power 
to increase the production. From Réros and Sulitelma 


an aggregate - of at least 170 tons per month 
| merce for (18 kroner = £1 at par value, and 100 dre = 
1 krone). 








* International Journal of Metallography, 1916, vol. 
viii, page 53. 
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MOTOR HOSPITAL SHIPS FOR THE 
MESOPOTAMIA EXPEDITION. 


Tue shipbuilding work for the Mesopotamian 
———. was begun under the control of the India 
Office in 1915, but the requirements grew so rapidly 
that the War Office took over the control and placed 
the whole engineering work of the expedition under 
the charge of Major-General Collard, now the Deputy 
Controller for Auxiliary Shipbuilding, and the work of 
his vigorous mind may be traced in the designs, which 
we are permitted to publish, of the latest hospital ships 
constructed for the Tigris river. These embody, alike 
in their form and constructional details, as well as in 
their internal arrangements and medical equipment, 
the fullest experience gained in connection with the 
Mesopotamia campaign, and are based on the original 
drawings prepared by the Royal Indian Marine. The 
drawings we publish, as well as the photographs, 
afford adequate testimony to the care with which all 
details have been worked out. Brevet Lieut.-Colonel 
Marham Carter, who has had charge of the medical 
arrangements of these ships, was able to introduce 
into them all the necessary fittings, &c., which his 
experience and foresight foreshadowed as essential to 
rectify some of the grave blunders revealed later in the 
report of the Mesopotamia Commission. It was on his 
return to this country that he set out the medical require- 
ments forsuchships. Sir J. H. Biles and Co., the naval 
architects to the India Office, embodied these require- 
ments in the plans which we are now able to describe, 
and have superintended the construction of the vessels 
for Major-General Collzrd. The vessels have been 
built by Messrs. Livingstone and Cooper, Hessle, 
Hull. 

The navigation of the River Tigris, from Basrah to 

, is exceptionally difficult, owing not only to the 
strong current, but to the sharp curves, shallows and 
varying course of the channel. In order to carry the 
load on a draught limited to 3 ft. 6 in., it was necessary 
to give the hull a great beam relative to the length 
—1:5.33. The length of the vessels between perpen- 
diculars is 160 ft., the breadth moulded 30 ft., the 
depth moulded 6 ft., and the height to sun deck at 
centre 28 ft. The height between the main and upper 
deck and upper and flying deck is 7 ft. from beam to 
beam, and the height between the flying and sun decks 
7 ft. 6 in., each deck having a camber of 6 in. Plans 
of the decks and holds are given in Figs. 1 to 5, together 
with a view of the upper deck (Fig. 6) and the sun 
deck (Fig. 7),on Plate XX XVIII, while a midship sec- 
tion is given in Fig. 17 on the present page. On Plate 
XXXVI there are two views, Figs. 8 and 9, of the ships 
in eourse of construction, and on the same Plate, on 
Plate XX XIX, and on page 409, views are given of the 
interior of the hospital and other quarters of the ships. 

To ensure propulsive efficiency it was decided to 
adopt the principle of working the propellers in tunnels 
in the ship’s bottom, and in order to save weight and 
simplify the fuel question, to instal two Thornycroft 
paraffin motors of 150 brake horse-power each, each 
driving a screw propeller at 550 revolutions, giving 
the required speed of 8 knots. The oil for the motors 
is carried in four separate tanks fitted in the com- 
partment immediately forward of the machinery, and 
the crude oil for the auxiliary boiler in two tanks 
arranged in the wings (Fig. 5). Two sets of electric 
lighting plant, each consisting of a 28-kw., 110-volt 
generator set, coupled direct to a 43 brake horse-power 
motor supplied by Messrs. Thornycroft, have been 
fitted at the forward end of the machinery space. 
These provide current for lighting the ships internally 
and externally according to the requirements of the 
Geneva Convention for hospital ships, also power 
for the motor fans, refsigerating and other mechanical 
plant. To supply steam for the auxiliary deck 
machinery, and for heating the thermotanks, an 
oil-burning Babcock and Wilcox water-tube boiler is 
fitted on the main deck (Fig. 4). To increase the steer- 
ing efficiency it was decided to adopt four rudders, the 
tillers of all four being coupled up to a steam steering 
gear placed on the main deck aft, as shown in Fig. 4, 
and on the perspective view, Fig. 16, which is a repro- 
duction of a photograph of the wake taken from the fly- 
ing deck during the trials. ‘The steering station (Fig. 10) 
on the flying deck forward is protected by bullet- 
proof plating. A wheel for hand steering is placed on 
the sun deck aft. Asteam capstan is fitted on the main 
deck aft (Fig. 4) for warping purposes, and a steam 
windlass forward on the same deck for working the 
anchors and cables, &. On the main deck, in a 
compartment forward of the boiler-room, are placed a 
refrigerating plant, soda-water machine, bottle washer, 
&c. The electrically-driven CO, machine has been 
supplied by Messrs. Seagers, Limited, and is capable 
of producing 5 cwt. of ice per day, with circulati 
water at 90 deg. F., and cooling the adjoining ice an 
meat store. The vertical aerating four-bottle soda- 
water machine, by Hayward-Tyler and Co., Limited, 
has an output of three gross of soda water, lemonade 
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or ginger beer per day. For the supply of fresh water 
to the reserve feed tanks, and of distilled water to the 
ship, Messrs. Hocking and Co., Limited, have supplied 
an evaporator and distiller, the former capable of 
evaporating 2 tons of water per 24 hours, and the latter 
of dealing with 30 gallons of distilled water per hour. 

Throughout the ship there is an ample supply of 
fresh water, including hot fresh water to the pantry, 
dispensary, operation room, &¢., and an extensive 
supply of filtered river water is also provided for 
sanitary requirements. There is also an adequate 
fire and wash-deck service. 

For the mechanical ventilation of the vessels 
the Thermotank Company’s system has been installed. 
With a shade temperature of 120 deg. in summer 
good ventilation is a necessity, and by means of the 
thermotank system every room and compartment is 





at the fore end of the upper ward, which is lighted 
by a large skylight, trunked down from the sun deck. 
A perspective view of the operation room is given in 
Fig. 19. A preparation room adjoins this room. 
Both rooms are completely equipped with the necessary 
operating tables, cupboards, sterilisers, surgical equip- 
ment, &c. The floors are covered with tiles and the 
walls finished in enamel white. A well-equipped 
dispensary is arranged in close proximity to these 
rooms. At the after end of each ward is a dressing 
station with folding table and settee, also cupboards 
for dressings, medicines, &. Views of this station 
on the upper deck are shown in Figs. 14 and 15. 
Medical stores, linen lockers, ambulance trolleys,” ice 
chest for soda-water bottles, &c., are provided, and 
there is also a large commode-washing room adjacent 
to each ward. On the after part of the flying deck 
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supplied with a continuous delivery of pure air through 
trunks. During the Mesopotamia winter, with its 
severe cold, there is a similar supply of heated air. 
In addition, one or more electric Bandy fans are fitted 
in each cabin or compartment, and numerous fans of 
a similar type are fitted throughout the wards. 

The hospital accommodation is arranged on three 
decks. The flying deck (Fig. 2) is used exclusively for 
convalescents; the upper and main decks (Figs. 3 
and 4) for more serious cases. The latter are accom- 
modated in two hospital wards, which can be used 
either for British or Indian troops. Both wards are 
fitted with specially-designed single-stanchion hospital 
cots, arranged as shown on the plans (Figs. 3 and 4) 
and in perspective view (Figs. 12 and 13). The majority 
of the cots are arranged in two tiers, but in each ward 
there are a number of single-tier “fracture” cots, 
especially wide and long, for the treatment of serious 
fracture cases ; some of these are shown in Fig. 12. 

In order to facilitate the handling, dressing and 
nursing of all cot cases, care has been taken in arranging 
the disposition of the cots so as to give free access to 
each, as is shown on the plan and in the perspective 
views (Figs. 12 and 13). The sides of the lower ward 
are encased in teak framing, having in the upper 
panels splinter-proof glass, arranged in cottage-window 
fashion and pivoted top and bottom, so that they can 
be arranged at any time to act as wind catchers in the 
summer heat and to exclude cold and rain in winter. 
Large gangway doors are arranged at the aft end of 
each ward on both sides of the ship, allowing access to 
the main gangways through the wards for stretcher 
cases. A cot-lift is arranged at the fore end of the 
ward on the main deck, by means of which patients 
can be transferred to the upper and flying decks, as 
shown in the perspective view, Fig. 18. There are 
47 cots on the upper deck and 50 on the main deck. 
A separate private ward for British officers is fitted 
adjacent to the upper ward. The sides of the upper 
ward are open throughout, but side curtains are fitted, 
connected to jack stays on the level of the flying deck 
and to bamboo booms on the level of the upper deck. 
These curtains are fixed at such an angle as to give the 
maximum amount of natural ventilation and the 
greatest protection possible from the sun. i 
— are arranged between the flying and sun 

A large operation room (Fig. 3) has been arranged 
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(Fig. 2) there is an isolation ward with accommodation 
for four patients, with bathroom and lavatory, and 
adjacent to this ward is a disinfecting room, with a 
steam disinfector by Messrs. Manlove, Alliott and Co., 
for treating linen and other articles. In deck-houses 
amidships are rooms for the captain, chief officer, and 
nursing orderlies. Forward are stowed a large motor 
launch and dinghy. On the sun deck water sprinklers 
are fitted to reduce the temperature in the spaces below 
where the convalescent patients are carried. Ample 
accommodation for the medical, navigating and 
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engineering staff is arranged on different decks, as may 
be seen on reference to the deck plans. In the hold pro- 
vision is made for the Indian ward orderlies, crew and 
sweepers. Bakery, galley and pantries have been pro- 
vided for the British patients and ships’ officers, and for 
each of the different castes of Indian troops and crew. 
Also butcher’s shop, dhobies’ wash-house or laundry, 
ironing room, &c. In the hold are large medical stores, 
hospital bedding, linen stores, &c. 

The arrangement of baths and lavatories is on a 
very complete scale, separate accommodation being 
provided for the medical staff, lady nurses, British 
troops’ officers, ship’s officers, British troops, Indian 
troops, and the crew. 

Throughout the object has been to supply as complete 
a hospital unit as was possible on the limited draught, 
and all interested must be congratulated on the 
production of these vessels. 


INDUSTRIAL NOTES. 


Tue Director of the Department of Labour Statistics, 
dealing in The Labour Gazette with the labour market, 
states that in September employment in nearly all 
trades continued at a high level, and much overtime 
was worked, especially in engineering and shipbuilding. 
In the cotton trade, however, the Cotton Control 
Board’s scheme for restricting consumption, which 
came into force on September 10, caused some un- 
employment. In the woollen and worsted industry 
less short time was worked in accordance with the 
amended Wool (Restriction of Output) Order. In 
Ireland there was also some unemployment, especially 
in the building and printing trades. 

The changes (including war bonuses) reported to 
the department as taking effect in September affected 
over 1,100,000 workpeople, and resulted in a total 





increase of over 460,000/. per week. No decreases in 
rates of wages were reported. 

The principal change reported, accounting for 
1,000,000 of the above number of workpeople, was a 
war wage of ls. 6d. per day granted to colliery workers 
16 years of age or over, and of 9d. per day to those 
under 16, throughout Great Britain. 

The number of disputes beginning in September 
was 73, and the total number of workpeople involved 
in all disputes in progress was 77,767, as compared 
with 63,735 in the previous month and 11,959 in 
September, 1916. The estimated total aggregate 
duration of all disputes.during the month was 705,100 
days, as compared with 332,700 days in August, 1917, 
and 180,300 days in September, 1916. 

The average weekly number of vacancies notified to 
all Employment Exchanges for the four weeks ended 
September 7, 1917, was 38,133, as compared with 
32,626 in the previous four weeks and with 38,717 in 
the four weeks ended September 8, 1916. The average 
weekly number of vacancies filled for the same periods 
was 29,363, 24,915, and 31,156 respectively. 





In consequence of reductions in the prices of flour, 
bread and meat under the operation of recent Food 
Control Orders, the general level of retail prices of food 
at October 1 in the United Kingdom was considerably 
lower than a month earlier. The effect of these 
decreases was partially counteracted by upward 
movements in the prices of other important food-stufts, 
but on balance there was a reduction in the general 
percentage increase since July, 1914, from 106 per cent. 
at September 1, to 97 per cent. at the beginning of 
October. 

In arriving at the above general percentage increase 
of 97 per cent. the several articles are weighted in 
accordance with the proportionate expenditure on 
them in pre-war expenditure of working-class families, 
no allowance being made for the economies resulting 
from changes in dietary which have been effected 
since the beginning of the war, advances in rates of 
wages, greater regularity of employment, increased 
output, or the working of overtime. By taking 
advantage of possible economies the general percentage 
increase since July, 1914, instead of being 97 would 
be 56. 





The Minister of Munitions has now made an Order 
abolishing leaving certificates as from Monday, the 
15th inst. At the same time he has had under con- 
sideration the report of Major Hills’ Committee, which 
he appointed to inquire into the position of skilled 
engineers ; and as a result of that consideration he 
has made an Order providing that the following 
directions shall have effect with respect to the re- 
muneration to be paid to fully qualified skilled engineers 
and moulders of the class specified in this Order for 
work, being munitions work or work in connection 
therewith, which at the time when these directions are 
given is paid at time rates :— 

1. Workmen to whom these directions apply shall 
receive a bonus of 12} per cent. on their earnings 
which shall not alter or become part of their time 
rates. 

2. The bonus payable under these directions shall 
accrue as from the beginning of the first full pay day 
following October 12, 1917, and the first payment 
thereof shall be made as soon as possible, and not 
later than the first full pay ex 2 in November, 1917. 

3. These directions apply, subject to the provisions of 
paragraphs (4) and (5) only to fully-qualified, skilled 
engineers and moulders rated at or above the current 
district time rate for turners or fitters while employed 
on or in connection with munitions work and paid at 
plain time rates, without the addition of any bonus 
other than: (a) a bonus dependent on timekeeping ; 
(6) a bonus (not being a bonus on output) less favour- 
able to such workmen than the bonus payable under 
these directions, in which case the existing bonus shall 
merge in the bonus payable under these directions ; 
(c) a war advance given to meet the cost of living as the 
result of, or in conformity with, arbitration under 
Part 1 of the Munitions of War Act, 1915. 

4. These directions shall not apply to workmen of 
the class specified in paragraph (3) of this Order 
whose wages it has been the practice to regulate by the 
movements in the wages of men employed in trades 
other than engineering and foundry trades. An 
application may be made to the Minister of Munitions 
for special directions in cases where the existing basis 
of remuneration for such workmen is less favourable 
than that of workmen of the same class to whom these 
directions apply. 

5. These directions shall not apply to workmen 
paid an upstanding wage or salary which covers 
overtime or other allowances. 

6. Nothing in the foregoing provisions shall affect 
the present basis of determining piece rates or premium 
bonus times or any other system of payment by results. 





7. Any contravention of, or non-compliance with, 
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these directions is punishable in like manner as if this 
Order was an award made in settlement of a difference 
under Part I of the Munitions of War Act, 1915. 

8. These directions may be varied by the Minister 
of Munitions from time to time, but shall not continue 
in force after the termination of the present war. 

9. Any question which arises as to the interpretation 
of these directions shall be determined by the Minister 
of Munitions. 


The Government of New South Wales are losing no 
opportunity in preparing schemes in anticipation of 
the termination of hostilities for the repatriation of 
their Australian soldiers. It is intended, moreover, 
to extend operations so as to provide homes for British 
ex-soldiers. 

In carrying out the work of preparing the land for 
farms, no departure has been made from previous 
practice in respect of training intending settlers. For 
many years past it has been the custom for the State 
to assist those immigrants only who have already 
practical experience in rural life or farming methods. 
It was found, however, that the training in the old 
country was not always of direct value to Australian 
conditions. A further period of training in the 
Commonwealth was necessary before the immigrant 
could be fairly lodged, and there was the difficulty 
of inducing him to learn new methods and abandon 
old convictions. 

To place British ex-soldiers who may be delayed 
in demobilisation under the obligation of undergoing 
a further period of training in England before they 
sail would lead to an unnecessary loss of time. 

The Minister for Lands has determined that the 
chief qualifications shall be physical fitness and 
willingness to work, and with these testimonials the 
intending settler could secure his training on the spot 
in New South Wales. 

The Government have also undertaken the policy 
of group settlement ; that is to say the land is thrown 
open in a certain locality—available for 40 or 50 
farms—an equivalent number of applicants are selected 
who will proceed to the locality, are occupied in the 
preparation of these farms for cultivation, they them- 
selves gain practical experience, and as the farms 
become ready and the man becomes competent, he is 
placed upon a holding. In this way groups of friends 
can arrange to settle together—they are under super- 
vision of agricultural experts whose duty it is to train 
them to deal with local conditions of soil and climate. 
In the interval of training the Government assist 
these men either by the payment of wages in respect 
of the work they carry out, or by making temporary 
advances which shall be charged against the land on 
their taking possession, Any further expenditure that 
is required during the period of occupation is granted 
on very easy terms by the Government—the chief 
but a very necessary requirement is energy and 
determination to get on. 

The above principle of local training and group 
settlement is to be extended to minor forms of rural 
occupation, such as the growing of fruit, raising of 
pigs, poultry rearing, and bee farms. 

It is a matter of satisfaction to the Minister of Lands 
to learn that the policy is being adopted as shown 
by the report of the committee recently appointed to 
inquire into the early settlement of British soldiers 
after the war. 





The Right Hon. G. N. Barnes, M.P., in continuation 
of the statement made by him to the Press on 
August 24 (see page 236 ante), has now issued a report 
by the Minister of National Service upon the steps 
which have been taken to meet the complaints laid 
before the Commissioners of Inquiry into Industrial 
Unrest, so far as concerns the working of the Ministry. 
The report deals with the proposals which have been 
made and with the action taken in each instance, 
under the headings Industrial Compulsion and 
Victimisation, Recruiting, Medical Boards and Miscel- 
laneous. 





A meeting of the Birmingham Business Club was 
held last Monday, Alderman Neville Chamberlain 
occupying the chair. In the course of his opening 
speech Mr. Chamberlain, in regard to solving the 


problem of industrial unrest, said it was the business 


men, the managers and the workpeople engaged in 
the industries who best knew what were the difficulties 
and what were the possibilities of any suggestions. 


Of course, he added, the proposals of the Whitley 


ly 


They would not accept 


Commission were not going to satisfy everybod 
There were a certain number of men who were frank 
revolutionary in their aims. 


any olive branch of any kind. They continually 
warned labour that any proposals which appeared to 
emanate from kindness of heart or from a desire to 
recognise their legitimate aspirations were a trap, and 
must be rejected unconditionally if the workmen were 


to preserve their independence. 


done with men holding views of that kind. There 
were, again, those who openly said that they regarded 
what they called the capitalistic system as marked out 
for destruction, and they meant to destroy it if they 
could. “We must leave them regretfully upon one 
side,” said the speaker, “and turn to those more 
moderate, more practical, and more sensible men who 
are prepared to come to terms, if terms can be arranged 
of a reasonable character, and who sincerely and 
patriotically are anxious to promote the future 
prosperity of their country. I am sanguine enough 
to think that, although I see many difficulties in the 
path, it will be found possible to compose our differences, 
and with the goodwill of the best men of all classes to 
preserve that unity of the nation which, more than 
anything else, has hitherto enabled us to triumph 
over all obstacles, and to achieve the measure of success 
that we have already attained.” 

Mr. Wilfrid Hill, the president of the club, then 
delivered his address. He remarked that the proposals 
of the “ peacemakers,” acting on behalf of the Govern- 
ment, were: (1) a Workshop Committee in every 
factory, to be composed of representatives of the 
masters and workmen in equal number, and to meet 
fortnightly in business hours. In the initial stages 
it was suggested that a representative of the Govern- 
ment should attend the meetings of these committees 
in a purely advisory capacity. (2) There should be a 
Joint Industrial Council in every industrial district, 
to consist of representatives of the two sections in 
equal numbers, their meetings to be attended, for a 
time, at any rate, by a representative of the Government. 
These local committees were to constitute a first court 
of appeal, to which grievances and knotty questions 
not satisfactorily settled by a Workshop Committee 
could be referred. They would also bring the firms 
of a district into closer touch, and substitute friendly 
co-operation for ruthless competition. There should be 
(3) a National Industrial Council composed of represen- 
tatives of employers’ federations and trade unions, in 
equal numbers. This would be a final court of appeal. 
It was not proposed at present to arm the National 
Council with power to enforce its decisions or to impose 
penalties. It gvould act as an arbitrator, seeking to 
prevent quarrels between friends rather than as a 
judge pronouncing sentence on criminals, The triple 
organisation scheme of the Reconstruction Committee 
provided machinery which should make conciliation 
possible, and all that was needed was the goodwill of 
both employers and employed. If this could be 
accomplished it would put an end to a very dangerous 
condition of things, secure to the country a continuation 
of commercial prosperity and supremacy, bring into 
the lives of the workers a standard of comfort they 
had not previously enjoyed, and bring to the nation 
the blessings of industrial peace, efficiency and progress. 





The Minister of Munitions has made the following 
appointments within the Ministry:—Major J. W. 
Bills, M.P., to act temporarily as a member of the 
Munitions Council in charge of the Labour Group 
during the absence of Sir Stephenson Kent, K.C.B. ; 
Vice-Adwiral Sir A. G. H. W. Moore, K.C.B., C.V.O., 
to be Controller of the Mechanical Warfare Depart- 
ment ; Major-General H. F. Thuillier, C.B., C.M.G., to 
be Controller of the Chemical Warfare Department ; 
Brigadier-General A. C. Currie, C.M.G., to be Con- 
troller of Munitions Design; Mr. E. V. Haigh to be 
Controller of the Trench Warfare Supply Department ; 
Mr. H. C. B. Underdown to be Director of the Agri- 
cultural Machinery Department ; Major H. Newton, 
D.S.0., to be Assistant Director of the Trench Warfare 
Department ; Mrs. H. J. Tennant, C.H., to be Chief 
Adviser (Women’s Welfare) in the Labour Regulation 
Department. 





THE ANALYSIS OF INCLINING 
EXPERIMENTS. 

To THE Eprror oF ENGINEERING. 
Sir,—The letter from Mr. Woollard, published in 
your issue of the 5th inst., page 369, raises one or two 
points of such interest that I should be glad if you 
would allow me to continue the discussion in your 
columns. 
Mr. Woollard is right in suggesting that the “ wall- 
sided” formula appli better to qunchons ships than 
warships ; but perhaps it is more especially suited to 
the t of ship I had in mind in writing the article, 
namely, the larger intermediate liners and er 
ships. In this class of vessel, also, the further condition 
of low initial stability when light often exists—very much 
more frequently than Mr. Woollard seems to realise. 
Indeed I quite recently heard of a case in which neutral 
equilibrium was specified for the light condition; a 
negative value of G M is by no means uncommon. 
ow, though this condition may never be allowed 
to occur in working the ship, yet it is the finished con- 
dition of the vessel, and approximately that in which 
the inclining experiment is performed. Also, given the 
yen of the centre of gravity in this condition, that 
or any other working condition can be derived in the 
simplest manner possible by adding weights and moments, 


lations even if these are based on some other and more 
complicated inclining condition. 
Again, Mr. Woollard calls for “ reasonable ”’ stability. 
This can best be defined—in the case of a vessel whose 
stability depends on the water ballast added—as the 
least that is consistent with safety. Safety in dock 
requires very much less initial stability than does 
seaworthiness ; and the safe limit lies well within the 
region to which the proposed formula applies with more 
accuracy than that generally ° 
Mr. Woollard wishes to ballast the ship for trim in order 
to simplify calculation. It is no great matter to 
calculate the B M and the vertical position of the centre 
of buoyancy for the experimental waterplane; and 
this is done already in a great number of cases. The 
chance of error is not greater than usual in such calcu- 
lations ; but if the vessel is trimmed by the use of water 
ballast a very much greater chance of error is introduced. 
This brings me to the closer consideration of the use 
of water ballast ; my objection is to the possibility of 
error it introduces into an already elaborate calculation. 
It is very difficult to be sure, by any means usually 
employed, whether the tanks are full or not, and certainty 
is not to be obtained by pressing up the tanks or filling 
the air pipes. It is always possible that pockets of air 
are caught between the frames ; they may be only an inch 
or so deep, but, in any case, having a free surface. This 
does not affect the weight of ballast to any appreciable 
extent, but its moment may be seriously wrong, owing 
to the virtual rise of its centre of gravity. The magnitude 
of the possible error is obviously serious—more so than 
that due to bilge water, the presence of free water in the 
bottom of tanks (which can be allowed for), or all the 
minor matters over which so much time is spent. 
My contention is that by avoiding as far as is con- 
sistent with safety the use of this ballast a possible 
source of error is avoided; and the proposed “ wall- 
sided ”’ formula enables full advantage to be taken of this, 
as it applies as accurately to cases of low or even negative 
initial stability as both it and the usual formula apply 
to cases of large initial stability. 
The graphical solution proposed by Mr. Woollard 
is very neat, and certainly should appeal to some ; 
but I doubt if the result could not be obtained more 
quickly by algebra. I wish to thank Sir George Greenhill 
for his suggestion as to the position of the diagrams. 

Yours sincerely, 

C. FropsHam Ho vr. 

15, Hamilton-road, New Brighton, October 17, 1917. 





TERMS OF CONTRACTS. 

To THE Epiror oF ENGINEERING. 
Srr,—The thanks of all buyers of engineering work 
are due to you for your article in your issue of Septem- 
ber 21. For some years to come buying and selling 
cannot be conducted on the old principles of supply 
and demand. After peace is proclaimed four years’ 
demand will be clamouring for goods, while the sources 
of supply will be little more than in 1914. Under such 
circumstances prices would soar out of sight, with the 
result that the markets of the world would be entirely 
disorganised and a period of inflation would be followed 
by financial panic and widespread bunkruptcy. Some- 
thing of this kind followed the Franco-Prussian war, 
which only lasted a few months and involved two 
Powers. Just as the Government has had to put a re- 
straining hand on prices during the war, so it will have to 
continue something of the kind afterwards. Nevertheless 
it cannot take the same authoritative position as to 
contracts between willing sellers and buyers as it has 
done between sellers and the imperative national needs. 
It is therefore most desirable that all methods of payment 
on the time and line principle should be fully discussed 
beforehand, and that an equitable arrangement shall 
be found which will not only protect the seller from 
the fluctuations of the market for labour and material, 
but will repay him for all his efforts in the way of 
efficiency. We are all talking about efficiency, but we 
are not likely to attain it until we associate it with 
increased profits. ‘Then we may hope to see reasonable 
dividends and moderate prices going together, and, 
what is more important, steady trade for years—not a 
boom followed by severe depression and lack of employ- 
ment. 

If the Government can evolve a thoroughly satis- 
factory system of payment, and will put its experience 
before the public in } course, 1t will greatly facilitate 
the return of engineers from war work to commercial 
pursuits. To do this it must push forward its auditing 
and account keeping, and settle up the many outstanding 
items which have been allowed to drag on from year to 

ear. It is only when it has realised what its methods 
howe cost that it can settle upon new ones. 
Yours oy. » 





DRAUGHTSMEN AND FOREMEN. 
To THE Eprror oF ENGINEERING. _ 

Srr,—All with the interests of the engineering industry 
at heart would read with pleasure your claims on behalf 
of foremen and managers in last week’s issue. Few, 
I am sure, would derive more pleasure from the reading 
than the foremen’s natural allies and coadjutors, the 
draughtsmen. 

The similarity of their positions and the mutual 
nature of their interests suggest themselves immediately 
u reflection. Both are directly responsible for the 
efficiency of an engineering establishment—the foreman 
for the speed of production and quality of work, the 

htsman likewise for s of production, the 
ability of the product to do its work, and all else involved 
in the magic word “design.” One works in the con- 








Nothing could be 


which must enter identically into the stability calcu- 








crete, the other in the abstract, and each might 
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contemplate whatever goes out of the shop gates with 
feelings of personal satisfaction or ret. The work 
of each, in turn, overlies and governs the work of many 
others, and finally, in these hard times, each has found 
himself ground between the upper and the nether 
millstone, and lived to curse the day which found him 
helpless and unprotected by any sort of ee 

hose of us who still remember the g old days 
before the war can get a sort of ironical -_ in 
philosophising upon the present state of affairs. ere 
now the draughtsman’s haughty contempt of the trade 
unionist and the foreman’s red-faced anathema of the 
shop steward? Behold each in turn bowing to the 
inevitable, and beginning where the trade unionist 
began a hundred years ago! And, mark you, we are 
the men of superior ability, and used to flatter ourselves 
that men with brains could depend upon themselves, 
and men without upon a trade union. Well, well; 
let the dead past bury its dead. If we have learned our 
lesson—though I fancy many of us are still conscious 
of nothing but that we want more money—if we have 
learned our lesson, the future is still ahead. 

But, apart from economic considerations, I should, 
personally, be delighted to see some sort of friendly 
alliance between managers, foremen and ourselves—even 
if only of a social nature. Outside London I used to 
come much into contact with the foremen, both in and 
outside the works, and have retained the pleasantest 
recollections of the friendships I formed and (I hope) 
the mutual technical advantages attached to them. 
I am not prepared to make any definite suggestion at 
the moment, nor to say more than that any such scheme 
would have my humble and hearty support. 

But the main object of this letter, Sir, is to see whether 
I can induce you to clear up a point which has been 
puzzling me since I read last Friday’s article. Some 
time ago (February 2) you had another leading article 
which dealt with draughtsmen, and what mystifies me 
is the striking difference of tone displayed. Last week 
you eulogised the under-managers and foremen, so that 
I glowed with pride to remember how many I had once 
known. You spoke favourably of their demands, and 
urged the desirability of meeting them. So do I; so 
do draughtsmen generally. Yet, comparing the fore- 
man’s position with what it was before the war, he is, 
and has been all along, much better off than the draughts- 
man. What has the draughtsman done (or left undone) 
that he should have received only good advice from you 
in the words that you addressed to him, and the plain 
hint to be thankful in the position to which it had 
pleased the management to call him? Why do you 
advise more money for the foremen and tell the draughts- 
man to consider the dignity of his vocation? Is it that 
the draughtsman seems to suggest plain living and high 
thinking and the foreman cold beef and pickles? Is it 
that the under-manager must have clothes and boots 
and bring up children, while the draughtsman should be 
draped in intellect and practise Malthusianism ? Because 
the only answer I can see to the enigma is this differentia- 
tion of the abstract and the concrete. 

I am, Sir, yours faithfully, 
: Ernest H. WALKER 
(President, London Council of the 
Association of Engineering and Ship- 
building Draughtsmen). 

61, Claverton-street, London, 8.W. 1, October 15, 1917. 

{It would be impossible to deal in a short note with 
the points raised in the last paragraph of our corre- 
spondent’s letter, and all we can do now is to assure him 
that the hardships to which he directs attention have 
not been overlooked by us. We hope to deal with the 
matter at an early date.—Eb. E.] 





To tHE Eprror oF ENGINEERING. 

Srr,—Draughtsmen in the past have been included 
in all the restricting measures set up against engineers 
and men in the shops, to keep them to their jobs and 
rob them of the chances of advancement, &c., but have 
never been included in any advantages given to the 
trade unions or any organised labour in the shops. 
They have been compelled to work longer hours without 
extra pay, and under the most restricting conditions 
without receiving any appropriate advantages in return, 
and the Government has consistently refused to recognise 
their association—‘‘The Association of Engineering 
and Shipbuilding Draughtsmen”’—in any matter the 
latter put forward to secure for their members concerted 
and more favourable conditions. On the other hand 
the Government has been willing to avail itself of the 
services and advice of the association as a whole, or 
their general secretary in particular, to obtain informa- 
tion from them, or men for their own schemes and 
purposes, 

Even as in the case of the shop foremen, where firms 
have been willing to concede advances asked for, the 
Government has put a brake on such just proposals. 
Draughtsmen employed, however, at firms who were 
unwilling to grant to their staffs well-merited and 
reasonable demands for even as small an increase as 
20 per cent. to 25 per cent. of average salaries, find 
that the Government has, in several cases, virtually 
backed up the employers, discountenanced the efforts 
of the Association of Engineering and Shipbuilding 
Draughtsmen for a concerted action, and has been trying 
to split and divide the unity of all such concerted actions. 
Tt has made in several instances awards amounting to less 
than half the demands, or 10 per cent. and less of existing 
wages, and has ignored the demand to date back the 
finding of the award to the date of the demand or April 1, 
made by the staff to their employers. This by concerted 
policy of the Government and the employers in delaying 
the taking of any action in the matter has further 
victimised the appellants to the amount of this back 
pay. 

There are cases known where demands were made as 





far back as five or six months ago, a small award being 
made four or five months later, after a mass of corre- 
spondence and the repeated u g iy of various Govern- 
ment departments. Although this delay was pointed 
out to them, no such back pay was included in the 
findings of the award, and any further appeal to the 

wers that be proved to be without satisfactory result. 

Je now read that the Government is prepared to 
sanction in the case of foremen an increase of wages 
of 20 per cent. or 15s. per week (whichever is greater) 
for salaries up to and including 250/., and a weekly 
increase of ll. for salaries above. Why, then, should a 
similar or higher increase not be suniegl te draughtsmen, 
who, by their training, study ond responsibilities, should 
be able to expect at least an equally high award— 
and the individual squabble, as advocated by the 
Government, would at once be sto 

A great deal—as a matter of fact, most of it— 
mentioned in the case of the shop foremen applies to 
the draughtsmen. They are for the most part loyal 
towards their employers and the Government in this 
crisis, if only treated fairly, and have always been 
anxious to cultivate good relations between themselves 
and their employers. It was, therefore, a great blow 
to many of them to be told by the Government that in 
order to be able to succeed to a fair and just demand 
for an increase in their salaries partly to compensate 
them for the largely increased cost of living and to put 
them on a more equal and pre-war basis with nearly 
all other branches of workers and professional people, 
they must persdhally and individually apply to their 
firm and receive an affirmative or negative reply in 
writing to their demand, so as to create a dispute between 
themselves and their employers, and then be able to 
refer the matter of such a dispute afterwards to the 
Trades Disputes Commissioners, a proceeding which was, 
to many minds, quite opposite to the position previously 
taken up by them, viz., to cultivate good feeling and 
not a dispute between themselves and their employers. 

The outcome of it all is, of course, unrest and dis- 
satisfaction, and the feeling is abroad that if treated 
unfairly by their unyielding employers, they have not 
received the fair backing up they expected from an 
impartiel, fair-minded Government, set up to do justice 
to either side irrespective of considerations as to 
employers or employed. 

The draughtsman, even more so in many cases than 
the shop foreman, takes considerable responsibilities 
in the design and execution of articles of importance in 
the output of all engineering works. His training and 
studies to attain such an efficiency entitle him to a higher 
salary than he is usually paid at the present time, and 
employers and the Government should see that by 
increasing the salaries of their technical staff and subse- 
quently raising the standing of a draughtsman they will 
enable him to equip himself better for the future. He 
will make himself more efficient, undergo a more “ liberal] 
education,’’ be freer from the harassing troubles due to 
inadequate salary, and spend the whole of his energies 
on the welfare of his work, to the best advantage of his 
employers, After this war for the liberties of the people, 
for which this country is spending its best resources, there 
will be to face an industrial and commercial war, in 
which efficiency, broadmindedness, and far-sighted and 
liberal ideas will be wanted to combat the energetic 
efforts of our present enemies and Allies alike, and the 
short-sighted policies of employers to pay their staff as 
little as possible and employ the lowest labour obtainable, 
will only have the most disastrous results for British 
industry and commerce. 


Iam, yours truly, 
October, 1917. A DRAUGHTSMAN. 





WOOLWICH METHODS. 
To tHe Eprror or ENGINEERING. 

Sir —Upon several occasions in the last twenty-seven 
months it has been my unenviable task to call the 
attention of those responsible to the methods employed 
in Woolwich Arsenal drawing offices. I propose now to 
offer some evidence under the following heads of the 
inadequacy of these methods :— 


1. Standardisation. 

2. System. 

3. Alterations. 

4. Co-ordination of Woolwich and Ministry Depart- 
ments. 

1. Standardisation.—Although the fuse 100 is now 
becoming obsolete it is so perfect an example of Woolwich 
methods to-day that I will give the well-known example 
of the four screw plugs and holes, varying as follows :— 


Graze pel. det. Plug hole 0.304 H 


Centrif. bolt a 0.254 H 
Needle in cap Pd 0.252 H 
Detent é - 0.262 H 


After many months this fuse was superseded by 
fuse 101, in which three of these dimensions became 
simply 0.303 H (the fourth had been already cancelled), 
thus greatly simplifying the supply of the drills, taps, 
dies, gauges, check-gauges, &c., required for the pro- 
duction of millions of this component, and much 
simplifying the assembly. 

And, again: the constituent parts of shrapnel shell 
have not 4 preg altered for many years. The 
following table gives some of the existing variations 
of the screw on the tube used in various shrapnel and 
incendiary shell (the disc is equally effected) :— 


Thread, 
Major Dia. Threads 


In. per In. 
2.75-in. and 13-pdr. Mark X 0.505 18 
13-pdr. and 18-pdr., Mark IX 0.58 18 
18-pdr., Mark X_... -- 0.58 26 





18-pdr., Mark XII ... 0.5 26 
4.5-in. incendiary, Mark I... 0.43 18 
4.5-in, incendiary, Mark II... 0.632 14 
(left hand) 
60-pdr., Mark IT ove 0.8 18 


The possibility of simplicity is deducible from the 
wide limits permissible in the bore and length ratios 
of the tubes in different shells :— 

Low Bore. Length. 
In. In. 
2.75-in. and 13- 0.395 6 
60-pdr., Mark 0.245 12 


The area of the shorter tube is more than double the 
area of the longer, whilst in the following 


Low Bore. Length. 
In. In. 


r. tube 


18-pdr., Mark XII 0.35 6.7 
60-pdr., Mark IVo 0.35 13.0 


the area is the same, but one tube is nearly twice as 

long as the other. Many millions of these tubes are 

required, and any one of the above-given varieties might 
robably be made standard ; but the existing standard 
yhitworth }-in. gas thread is 


Thread, major diameter 
Threads per inch 


and tube makers, tool makers and engineers all over 
the country have for years been using and making the 
necessary taps, dies, tubes, gauges, &c. Any deviation 
from standard, without overwhelming reasons, should 
be treated as a serious offence. 

2. System.—The majority of the drawings made at 
Woolwich are sent out without proper lists of the gauges. 
The list alone would, in many cases, suffice, and a 
complete list of the parts (#.e., gauges) to be found on 
any drawing is an essential detail of any efficient drawing- 
office system. 

Many constituent parts of shell, &c., such as sockets, 
discs, tubes, nose bushes, &c., should be given a dis- 
tinctive mark in order to connect these parts up with 
amended drawings, and with the so-called component 
drawings issued by the Ministry. Much valuable time 
is lost in comparing the various drawings, since it 
sometimes entails the comparing of twenty or thirty 
dimensions. 

The method by which the drawing of a certain gauge 
is repeated many times on a number of different draw- 
ings uselessly increases the work of the draughtsmen in 
several very important ways. An alteration to one 
gauge may entail an alteration to thirty or more drawings 
and thirty or more prints. 

Ignorance of machine-drawing technique is shown in 
the drawing of rings. Any ring of which the sectional 
form is the same at any point on the circumference is 
completely shown by a sectional elevation of the ring. 
The full plan is shown on Woolwich drawings—a great 
waste of time and space, 

Drawings of inspection gauges only are issued to 
contractors, and therefore the same workshop gauge has 
been drawn many times by many draughtsmen in all 
parts of the country, instead of once by one draughtsman 
in one place. 

3. Alterations.—It has happened frequently that a 
contractor has made a gauge and submitted it for test 
before discovering an alteration ; or that the gauge has 
become obsolete. There are in the gauge stores several 
thousand obsolete gauges, made within the last two years, 
and the bad effect of constant alterations on production 
has been very serious. 

' The decision of the number of threads per inch to be 
cut on the 60-pdr. Mark IVo shrapnel tube was in 
abeyance for many weeks after the drawing stating 26 
threads was issued ; it has, I believe, been lately decided 
to alter this to 18. 

The drawings of the form of band gauges for both the 
new 60-pdr. and 4.5-in. shell were altered some weeks 
after the gauges had been ordered. In June last there 
were at one time three enpyy | forms of band gauges 
for the 18-pdr. shell shown on different drawings ; and 
the diameter of bore of the 18-pdr, shrapnel tube was 
shown with four different dimensions between March 20 
and May 24 lest. 

4. Co-ordination.—Co-ordination of Woolwich and the 
Ministry may be described as similar to the co-ordination 
of the efforts of the Italian gentleman and the interpreter 
in Mrs. Dangle’s drawing-room, when, as you will 
remember, Mrs. Dangle was unable to discover which was 
the interpreter; and such is the riddle which munition 
makers have been vainly trying to solve. 

The chief cause of all this has been ignorance of the 
widely differing abilities of the many different kinds of 
engineers : abilities as different as those of a beaver and 
a bee. At the Ministry are to be found many beavers 
trying to make wax, and the bees watch, wondering, 
unheeded. 

Many will say, What matter these details, we are 
getting plenty of munitions! But is cost nothing; is 
time nothing ; is it nothing that thousands of men are 
making munitions who might be elsewhere? These 
details are the small symptoms of a disease that may 
deprive the army of many valuable battalions at a 
moment when every ounce of weit is wanted. Sir 
William Robertson, speaking on September 29, said : 
“Supreme confidence existe in the armies at the front 
from top to the bottom. The people of this country, too, 
may be fully confident, but—and that is a big but— 
subject to the condition that . . the resources 
of the nation are utilised with the strictest economy.” 
Which I say is not being done. 

I am, Sir, your obedient servant, 
Francis Myppieton Davis, 
Fillebrook, The Drive, Loughton, Essex, 
October 11, 1917 
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FURTHER NOTES ON A HIGH- 
TEMPERATURE THERMOSTAT.* 


By J. L. Haventon, M.S8c., and D. Hanson, M.Sc. (both 
of the National Physical Laboratory ). 


In a former paper read before this Institutet the 
authors described a thermostat for moderate and high 
temperatures, but the apparatus there referred to was 
aaa glass, and its use was therefore limited to tem- 
peratures not exceeding 500 deg. C. The object of 
the present paper is to describe certain alterations which 
have been made in the apparatus to render it suitable 
for much higher temperatures, and to extend its useful- 
ness in other directions. In principle the instrument 
consists of a double-walled vessel, similar in shape 
to a Bunsen ice calorimeter, which is made into a furnace 
by winding it with nichrome wire. This vessel acts as 
a gas thermometer, and the variations in the pressure of | 
the air contained in it are used to operate a contact- | 
breaker, which increases or decreases the current supplied | 
to the furnace, according as the temperature falls below | 
or rises above the desired value. he contact-breaker 
takes the form of a U-tube, containing mercury, fitted | 
with two platinum contacts, which breaks the relatively | 
small current of a “ solenoid” relay; this in turn pu 
a fork into, or out of, two mercury cups, by means of | 
which an external resistance is cut out of, or put into, | 
the furnace circuit. One side of this relay is connected | 
to the furnace bulb, and the other is connected to the 
closed bulb of another thermostat, similar in principle 
to the main thermostat, but of much simpler construc- | 
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tion, this device, of which a detailed description is given 
in the paper, being necessary to render the instrument 
immune from the variations which would otherwise 
be caused by changes of ee men temperature and 
pressure. Further to extend the applicability of the 
thermostat to metallurgical work, a device has been | 
added by means of which extremely slow rates of cooling 
or heating can be obtained, if necessary, of the order 
of 1 deg. or 2 degs. C. in a day. 

In order to use the thermostat for temperatures of the | 
order of 1,000 deg. C., a silica furnace bulb was con- | 
structed, and in Fig. 1, A, and Fig. 1, B, are reproduced | 
curves taken with this furnace, running at about 800 | 
degs. C. These curves were taken on a th recorder, | 
one during a run of two, and the other during a run of 24 | 
hours, the temperature scale being such that one division | 
of the paper represents 6 degs. C. It may be pointed out 
here that the minor variations of the curve are of the 
same orders as the errors of the thread recorder, which 
even in the extremely sensitive form used at the National 
Physical Laboratory is aot adapted to reading to an 
appreciably greater accuracy than 1 deg. C. with a 
or platinum-iridium thermocouple. During this 
run the current supplied to the furnace was 0.6 ampere 
while the extra resistance was in the circuit, and 2.1 
amperes while it was cut out by the relay ; it is therefore 
evident that no special care need be taken so to regulate 
the current supplied that it approximates to that which 
would normally maintain the furnace at the required | 
temperature were no regulator used. 

Fig. 1, C, is a temperature record from the same furnace 
running from the ordinary pow>r supply of the laboratory, 
when the thermostat control was not used. It will be 
noticed that there is a variation of nearly 50 degs. C. 
in the daytime, when much current is being taken from 
the battery, while during the night the variation is 
of the order of 10 degs. C. 

The original form of U-tube (Fig. 2, A) suffered from 
several disadvan It has been found that the 
degree of accuracy obtainable with the thermostat 
= to a large extent on the form of this control 
tube, and a considerable amount of attention has been 
given to this part of the apparatus. It was observed 
that the temperature sometimes rose continuously for 
several hours, and then fell in a similar way, the rise 





* Paper read before the Institute of Metals, Wednes- 
day, September 19, 1917. 


being sometimes as much as 3 degs. or 4 di C. The 
authors were forced to conclude that dene atiatlans 
were due to 6 sion and contraction of the mercury 
in the control tube with changes of the room temperature, 
and to overcome this difficulty they attempted to make 
| the volume of the mercury as small as possible. With 
| this in view, a new U-tube was made of 1 mm. bore 
| glass tubing, the platinum contacts being placed as near 
| the bend of the tube as is convenient (Fig. 2, B). It 
| was found, however, that with such a tube the mercury 


| responded much less readily to the slight changes of air | 


| pressure in the furnace, and that the temperature 
| tion was not as good as with the original tube. 
especially was this the case after the thermostat had 
been running for some time and the mercury contact had 
| become fouled under the action of the spark, and varia- 
tions of temperature as great as 10 degs. C. were some- 
| times necessary to move the column of mercury suffi- 
ciently far to make or break contact with the platinum 

int. The authors then reverted to a wide-bore tube, 
using one of about 7 mm. diameter, and keeping the 
volume of the mere small by having the platinum 
contacts near the bend and the limbs of the U close 
together, as in Fig. 2, D. The contact was here made 
in the wide part of the tube. 
This form was found to be very 
much more sensitive to slight 
hanges of p e in the fur- 
nace than either of those pre- 
viously described, while varia- 
tions due to volume changes in 
the mercury are reduced to a 
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In the case of a glass furnace this invariably resulted 
in the breaking of the bulb, while in the case of a silica 
one it was necessary to dismantle the apparatus in order 
thoroughly to remove the mercury. to obviate this a 
number of methods were tried. Amongst others a 
small U-tube, containing paraffin wax, was inserted 
between the furnace and the control tube, and this was 
kept hot by means of a heating wire wound round it, 
and run in series with the furnace. As long as the 
current was flowing the changes in air pressure in the 
furnace were transmitted through the molten wax, but 
when the current failed the wax froze and prevented the 
mercury from ing back into the furnace. This was 
not wholly satisfactory in practice, and the device was 
finally adopted of blowing a bulb in one limb of the U, 
above the platinum contact, sufficiently large to hold 
all the mercury and also to allow air to bubble through 
this mercury. In order to balance the effect of the 
expansion of this air with changes of temperature, a 
similar bulb was made on the opposite side of the 
U-tube, as illustrated in Fig. 2, C. When, however, 
the wide-bore type of control tube is used, it is sufficient 





to leave enough space between the contact and the taps, 
which space takes the place of the bulb. Finally, the 
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with a wider tube is interesting. With the narrow-bore 
tubing there appears to be a certain amount of adhesion 
between the mercury and the glass after the control tube 
has been in use for a short time—due, probably, to the 
formation of ozone by the spark. Minute traces of ozone 
have the property of causing mere to lose its character- 
istic liquidity and to adhere to glass, and a markedly 
— ressure is required to move such mercury in a U- 
tube. 

ciently large, contact between the platinum point and 
the mercury can be made merely by an alteration in the 
shape of the meniscus, when the necessity for causing 
the mercury column to move over the surface of the 
glass disappears, and thus the apparatus becomes sensitive 


to much smaller changes of p 

The original form of U-tube suffered from another 
somewhat serious disadvan If the current supplied 
to the furnace was cut off, accidentally or otherwise, 


and the control tube was not disconnected at the same 








+ Journal of the Institute of Metals, No. 2, 1915, 
vol, xiv, pages 145-149. 


time, the mercury was sucked back into the furnace. 


($229 dD) 
negligible amount. The reason for this increased sensitivity | 


the diameter of the control tube is made suffi- | 








control has been further simplified and improved by 
substituting one-way taps for the two-way taps formerly 
employed, connection with the furnace and cold bulb 
being made by means of side arms below the taps, in 
the manner shown in Fi E. The limbs of the 


» ’ 
U-tube can then be brought closer together, and the 
volume of the merc still further reduced. The 
additional tap shown at the bottom is useful for removing 


the mercury when it becomes fouled, without having 
to dismantle the whole apparatus. 
| The fouling of the mercury surface, apo | by 
| oxidation by the ozone produced by the spark discharge 
when the contact is broken, is a d ble feature, 
for the elimination of which no method has yet been 
found. It can be reduced, to a certain extent, by 
connecting a condenser and resistance across the platinum 
points, but the authors are informed that it is not 
ible to calculate the correct capacity and resistance 
orehand, and it must be determined by # method of 
trial and error. The whole question is somewhat 
obscure, and an unsuitable arrangement may increase 
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the sparking. Various kinds of oil have been tried on 
= mercury surface, but their use is of questionable 
value. 

As originally made, the cold bulb was immersed in 
a pint size thermos flask, which it was not far from 
filling, the remainder of the space being filled with ice. 
As the ice melted, the top of the bulb became more and 
more uncovered, and the air inside rose gradually 
in temperature, with a resulting rise of temperature 
in the furnace itself. Thermos flasks were found to vary 
very much in their insulating properties, some isolating 
the ice from external influences to such an extent that 
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it was found possible to keep the air temperature in the 
bulb constant for 30 to 40 hours, while others were so | 
poor that a rise was perceptible after a very few hours. | 
Fig. 1, D, is a curve taken with a very poor flask; the 

steady rise of temperature as the ice melted, and the | 
sudden drop when fresh ice was introduced, are very | 
noticeable. It was therefore decided not to maintain | 
the cold bulb at zero, but at some temperature slightly | 
above the maximum room temperature, i.¢e., about | 
25 degs. to 30 degs. C. For this purpose a brass tube 

about 8 cm. in diameter and 15 em. high was wound 

non-inductively on the lower 8 cm. of its height, with | 
3,000 ohms of fine insulated wire, and a heating current 
at a pressure of 100 volts was passed through this winding. 
The tube was filled with paraffin oil, the temperature of | 
which was regulated by means of a simple benzene | 


thermostat bulb, which cut off the whole of the heating 
current when the temperature rose higher than 25 degs. 
C.; as the current to be broken was only 0.03 ampere 
and the winding was non-inductive, it was found possible 
to dispense with a relay by breaking the whole of the 
heating current in the benzene itself. With this appa- 
ratus it was found possible to keep the temperature 
of the cold bulb constant to about 0.5 deg. C., while 
sufficient stirring was obtained by the convection currents 
caused by placing the winding on the bottom half of the 
tubs to prevent any considerable temperature gradient 
from being set up. While this form of regulation was 





6. 


found satisfactory for most purposes, it is not sufficiently 
good for work of the highest accuracy, and a new form 
of cold bulb was designed in which the principles of 
the main furnace were embodied. The regulating fluid 
was used as a “lagging’’ round the mass whose tem- 
perature it was required to keep constant, and was 
placed between it and the source of heat. This thermo- 
stat consists of three concentric cylinders, arranged as 
shown diagrammatically in Fig. 3. The inner one, A, 
acts as the air-bulb of the thermostat, and is surrounded 
by benzene, contained in the middle cylinder, B, on 
which the high-resistance heating wire is wound. The 
benzene acts as an expanding liquid, and operates the 
mercury contact-breaker, D, while in this case also 
the full current is broken in the benzene, which appears 
to be undecomposed by the spark, and the surface of 


the mercury keeps quite clean. The third cylinder, C, 
contains thermal insulation. This apparatus has 
ety very satisfactory in use, and it has not been 
ound possible to detect, by means of a thermocouple 
inserted in the tube E, a change as great as 0.1 deg. C. 
in the temperature of the bulb A. Certain minor 
problems arose in connection with the arrangement of 
the tube D. One of these was the fixing of this tube, 
which had to be made of glass, on to the brass tube 
from B. The use of rubber was impossible in the 
presence of benzene, and the difficulty was eventually 
overcome by using a gelatine seal, in the manner illus- 
trated in Fig. 4, molten gelatine being poured into an 
annular space round the tube B’, which contains the 
end of the regulator tube, and, on setting, this formed 
a perfectly satisfactory benzene-tight join. Similarly, 
the funnel G, used for filling and regulating the apparatus, 
is closed by a fine glass tube, carrying a bulb on one end, 
round which gelatine is poured. 

While the maintenance of a constant temperature is a 
matter of great importance in many operations, it is 
sometimes desired to obtain extremely slow cooling 
over a limited range of temperature, as, for example, 
through a thermal critical point. For this purpose an 
attempt was made to absorb the oxygen in the cold 
bulb “ inserting in it, among other things, solutions 
of ferrous sulphate and of pyrogallic acid, but no 
successful results were obtained. The device was then 
tried of inserting, in one side of the apparatus, a porous 
plug, the length of which could be varied by means of a 
rubber sleeve, with the object of producing a leak which 
could be controlled at will, but this was found to be 
matter of great difficulty, and the method was abandoned. 
Next, a small electrolytic cell was introduced into the 
furnace side of the control tube, and a small current 
passed through it, the gases evolved being passed into 
the furnace bulb. A number of difficulties were 
encountered, mainly due to the polarisation of the cell, 
but the authors are of the opinion that this method 
could be made to give satisfactory results; the time 
at their disposal has been much too limited to allow 
them to give it more than a short trial. In the meantime, 
however, a solution of the problem was suggested to 
them by the temperature record shown in Fig. 1, D. 
Reference has been made to the fact that by using 
a very poor thermos flask in which to keep the cold 
bulb, a slow rise of temperature was obtained in the 
bulb, and consequently in the thermostat. If, then, a 
— fall of temperature could be obtained in the cold 

ulb, it would be accompanied by a corresponding fall 
in the furnace itself. Tt would, of course, be possible 
to do this by immersing the bulb in a thermos flask 
containing water at a higher temperature than that of 
the atmosphere, but there are certain drawbacks to this 
method. If the rate of cooling in the furnace is to be 
very slow, the fall in the thermos flask must also be slow 
t.e., the water must be near room temperature. Under 
these circumstances the rate of cooling will fall off 
rapidly as the water approaches room temperature, 
and the cooling of the furnace will not be uniform, 
while the effects due to changes of room temperature 
wi!l be increased. On the other hand, if the water in the 
thermos flask is sufficiently above room temperature 
to make the fall reasonably uniform over the whole of 
the period, the rate of cooling becomes excessive. To 
overcome this a subsidiary, but very much smaller, bulb 
was inserted in parallel with the cold bulb, and immersed 
in hot water in a thermos flask, so that but a fraction 
of the total air was cooled. In this way the change in 
the pressure of air in the cold bulb side of the apparatus 
could be varied between very wide limits, with corre- 
sponding variations in the rate of fall of the temperature 
in the furnace, merely by altering the volume of the 
controlling bilb, while the fall in the furnace is made 
independent of the actual fall in the thermos flask. 
Fig. 1, E, for example, illustrates a fall of 10 degs. C. in 
five hours, and Fig. 1, F, a fall of the same amount in 
23 hours, the bulbs being of about 17 c.c. and 6 c.c. 
capacity respectively. By using a very much smaller 
bulb a fall of 1 deg. C. per day has been attained, but 
as 1 deg. C. is about the limit of accuracy of the 
thermostat, the temperature during such a run may be 
stationary, or even rising, for an hour or more. If it is 
required to continue the slow cooling over a considerable 
range of temperature, the subsidiary bulb is put into 
communication with the atmosphere by means of a 
two-way tap (Fig. 5, ho) while the hot water is renewed, 
and if the barometric pressure has altered since the 
revious setting, it will also be necessary to readjust the 
evel of the mercury in the U-tube. 

It was suggested independently to the authors by 
Mr. 8. L. Archbutt and Dr. Hudson that it might be 
possible to regulate a high-temperature furnace by 
running it in series with a low-temperature glass thermo- 
stat furnace. A few attempts were made to do this, 
but owing to scarcity of time but little was done, and that 
little gave disappointing results. This method of 
control has, however, been successfully worked out by 
Dr. Hudson, who, by introducing a resistance in parallel 
with the controlled furnace; ana automatically reducing 
this resistance at a slow rate, has obtained a slow cooling. 
The authors are not aware of the degree of accuracy 
obtained in this way. 

It is probable that a thermostat of this kind would 
require little modification to adapt it as a quenching 
apparatus. If the central tube be carried right through 
the air-bulb, and be left open at both ends, the furnace 
could be used in the same manner as an ordinary wire- 
wound tube furnace, or as a Rosenhain vacuum quenching 
furnace. 

In an instrument of this kind the electrical connections 
tend to become very numerous, and it has been found 
very convenient to mount the whole on a large wooden 
base, the connecting wires being led underneath the board 








to a set of terminals in front, by means of which all the 
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wiring is controlled. If it is desired to use the apparatus 
for high and low temperatures, a complete set of resist- 
ances should be included, which can be picked out at 
will by two loose leads, the whole arrangement being 
illustrated in diagrammatic form in Fig. 5. Such an 
apparatus can be designed to work on a single voltage. 
A photograph is shown in Fig. 6. 

- conclusion, the authors wish to express their 
indebtedness to Sir R. T. Glazebrook, C.B., D.Sc., F.R.8., 
Director of the National Physical Laboratory. They 
also wish to thank both Dr. Rosenhain, for his continued 
interest and encouragement, and many of their coll es, 
of whom they would specially mention Dr. G,. Barr, 
to whom they are indebted for numerous valuable 
suggestions. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on several colonial and 
foreign engineering projects, taken from The Board of 
Trade Journal. Further information on these projects 
can be obtained from the Department of Commercial 
Intelligence, Board of Trade, 75, Basinghall-street, 
E.C. 2, 

British Guiana.—A supplement to the Official Gazette 
of British Guiana saline calls for tenders by the 
Director of Public Works, Georgetown, Demerara, as 
follows :—(1) Tenders are invited for the construction of 
9,700 lineal ft. of reinforced concrete faced earth dams, 
3,000 lineal ft. of reinforced concrete groynes forming 
* koker’’ runs, and 750 lineal ft. of reinforced concrete 
groynes, required for the East Coast, Demerara, sea 
defence works. (2) Tenders are invited for the con- 
struction of 4,000 lineal ft. of reinforced concrete faced 
earth dams, 2,250 lineal ft. of reinforced concrete groynes, 
and 3,000 lineal ft. of reinforced concrete groynes forming 
“koker”’’ runs, and a new “ koker,” required in con- 
nection with the West Coast, Demerara, sea defence 
works. (3) Tenders are invited for the construction 
of 1,650 lineal ft. of reinforced concrete faced earth dams, 
10,630 lineal ft. of reinforced concrete groynes forming 
“‘koker’’ runs, 14,950 lineal ft. of reinforced concrete 
groynes, and 8,850 lineal ft. of plain earth dams, and 
two new ‘“‘kokers,” required for the Essequibo sea 
defence works. 


Italy. —H.M. Embassy at Rome has forwarded, under 
date September 18, copies of two official announcements, 
with translations, relative to the establishment of 
pluviometers and the development of —— works 
in Italy. The first notice states that Italy lacks the 
means for the collection of exact hydrographic observa- 
tions, which are necessary if the hydraulic forces of the 
country are to be utilised as fully as ible, and, in 
order to meet the need, the Italian Minister of Public 
Works has provided by a recent Decree for the assignment 
of funds necessary for the setting up of bureaux charged 
with collecting and co-ordinating hydrographic and 
meteorological observations concerning rivers and 
mountain basins, In this way a network of pluvio- 
meters will be established throughout Italy for regular 
observations, and for the collection of data necessary 
both for would-be concessionaires who make claims for 
grants and for the Supreme Council for Public Waters 
which has to examine these claims. According to the 
second notice a Decree has been signed, on the proposal 
of the Minister of Public Works, assigning a sum of 
5,000,000 lire for repairing and putting in order hydraulic 
works of the first and second category, and 3,000,000 lire 
for subsidies to be granted to provincial, municipal and 
associated administrations, as well as to charitable 
institutions and to private individuals, for the closing 
up of breaches, the repairing of causeways, the removal 
of stoppages of gravel and sand and for draining land 
flooded by the River Po and its tributaries during May 
and June last. (25 lire = 1/., par rate.) 


Japan.—H.M. Commercial Attaché at Yokohama 
reports, under date August 10, that a scheme has been 
prepared for the construction of a water works in the 
south-western suburbs of Tokio, in order to supply 
water to Omori, Osaki and Shinagawa and other suburban 
districts which are rapidly developing. It is said that 
a company is to be formed with a capital of 1,000,000 yen 
to carry out the enterprise. The intention is to supply 
water to 60,000 houses as a beginning. Leading Japanese 
business men are contemplating the establishment of 
water works in the north-western districts of Japan. 
Experts are studying the possibility of cutting water- 
courses through rock, which is sufficiently hard for this 
purpose, and thus avoiding the great expense of pipes 
at present high prices. (Yen = 2s, 14d. at current rate 
of exchange.) 


Chile.—Tenders are called for by the Chilean Ministry 
of Industry and Public Works for the construction of the 
Maule Canal, the source of watér supply being the river 
of the same name in the Prov.nce of Talca, 





Prrsonat.—We are informed by Messrs. E. T. Pearson 
and Co., Limited, 49, Watling-street, London, E.C. 4, 
that they have acquired the rights for France and the 
French Colonies of the Wild-Barfield process for harden - 
ing steel gauges, tools, &c., as described on page 71 in 
this journal. 





TRADING witH THE Enemy Act.—The Controller of 
the Foreign Trade Department has issued a new list 
(No. 37) of additions to the Statutory List of firms of 
enemy nationality or enemy association with whom 

rsons in the United Kingdom are forbidden to trade. 


WAR PROFITS IN THE GERMAN IRON 
INDUSTRY. 


Wir reference to our article on page 383 antec it is 
further stated that a number of large German industrial 
concerns continue to work under exceptionally favourable 
circumstances on account of the war, and are not only 
distributing high dividends, but are also consolidating 
their financial position by means of large sums being 
reserved, openly or otherwise. Amongst these under- 
takings are the United Steel Works van der Zypen 
and Wissen Iron Works, Deutz, near Cologne. The 
dividend has been raised from 8 per cent. for the year 
1913-14 to 25 per cent. for 1915-16, and the same 
dividend has now been declared for the year ended 
June 30, 1917. A sum of 5,000,000 marks has been 
reserved for war profit taxation, as was done in the 

revious year, and the writings-off have been increased 
o some 1,500,000 marks. Before the war this concern 
had secured adequate iron mines, so that the supply of 
raw material has given less trouble than has been the 
case for many other works, 

The Bochum Mining Company has had for the second 
quarter of the present year a surplus of 340,382 marks, 
against 142,867 marks for the same period last year and 
242,482 marks for the first quarter of the present year. 
The surplus for the first six months of 1917 amounts to 
582,564 marks, against 216,639 marks for the corre- 
sponding period of the os year. 

The Bochum Union for Mining and Cast Steel Manu- 
facture has done exceedingly well during its last financial 
year, the gross profits amounting to 22,900,000 marks, 
against 6,800,000 marks for 1911-12, 8,960,000 marks 
for 1912-13, 9,800,000 marks for 1913-14, 11,900,000 
marks for 1914-15, and 22,600,000 marks for 1915-16. 
The net profits amount to fully 15,500,000 marks, and 
the 25 per cent. dividend absorbs 9,000,000 marks, 2 
balance of 6,500,000 marks consequently remaining 
available. 

The Aumetz-Friede concern has also done well during 
its last financial year, The Lothringer Hiitten Verein 
has earned gross profits amounting to 21,778,651 marks, 
against 15,006,625 marks for the previous year ; writings- 
off amount to 12,436,126 marks, against 6,580,367 marks 
for the previous year. 

The Hasper Iron and Steel Works, at Haspe, have 
gross profits of 10,495,305 marks, egainst 6,806,561 
marks for the previous year, writings-off amount to 
4,501,610 marks, against 2,943,982 marks, and sums 
reserved for war profit taxation and other purposes 
amount to 2,113,000 marks, agaist 674,615 marks 
for the preceding year. The dividend is 16 per cent., 
as for last year. 

The Thyssen Steel’ Works, in Hagendingen, state, in 
their last report, that in spite of all difficulties it has 
been possible to start the sixth blast-furnace, a Siemens- 
Martin steel works, and an electric furnace. During 
the first half of the year the selling prices did not keep 
pace with the increase of cost of manufacture, in spite 
of an active demand, and it was only in the second half 
of the year that they left any profit: On the one hand 
there had been an extraordinary demand for finished 
products, on the other a pronounced shortness of raw 
materials. A sum of 8,050,000 marks, against 4,600,000 
marks for the previous year, was available for writings- 
off, but there was not paid any dividend. The Thyssen 
group, as it is called, has taken over the share capital 
of the Reisholz Rolling Mills, which paid a dividend of 
6 per cent. for last financial year, against no dividend 
for the previous year. The Thyssen concern has also 
acquired the steamers and coal business of the Hamburg 
firm of Otto A. Miiller; the price is stated to amount 
to several million marks. It is interesting to note, 
in this connection, that another of Germany’s industrial 
magnates, Hugo Stinnes, has recently obtained the 
control of a Hamburg coal firm, that of H. W. Heidmann, 
and some little time ago also that of the Westphal coal 
firm, also in Hamburg. The la industrial concerns 
in the heavy German industry evidently are in earnest 
as regards making their influence felt in the coal trade 
and in the shipping connected with it, for purchases 
and combines have been notable for some time past. 





Concrete Keet Briocxs.—The Ayrshire Dockyard 
Company, Limited, Irvine, manufacture an arched keel 
block of reinforced concrete which overcomes the great 
difficulty experienced at the present time of obtaining 
wooden keel blocks. A concrete block can be: made 
by one man in about one hour, and after being allowed 
to harden for several days it is ready for use ; its cost 
is about one-third that of a wood block of the same 
height, and it combines great strength with a light 
weight. The concrete block, further, has a longer life 
than the wood one. 





Cootine SHett Foremves sy CompresseD ArIR.— 
According to The Iron Age, New York, a method of 
air-cooling 9.2-in. forgings for shells has been devised 
by J. W. Dunphy, Canada Cement Company, Limited, 
Montreal. With steel containing carbon, 0.42 per cent. ; 
silicon, 0,063 per cent.; sulphur, 0.034 per cent. ; 
phosphorus, 0.025 per cent. ; manganese, 0.48 per cent. ; 
the physical results after proper heat treatment and 
cooling under ordinary atmospheric conditions gave a 
yield-point of 40,300 Ib. per square inch, a tensile strength 
of 80,600 lb. and an elongation of 27 per cent. The 
results, after cooling with the comp air apparatus, 
were: Yield-point, 49,300 lb. ; tensile strength, 94,000 
Ib. ; and elongation, 25 per cent. The air consumption 
is 2,100 cub. ft. per minute, and it takes approximately 





Jopies of this list can be obtained at a trifling cost from 
the Su 


Office, Imperial House, Kingsway, W.C. 





rintendent of Publications, H.M. Stationery | 


5 minutes to cool the forging from the temperature it has 
on coming from the furnace to 800 deg. The air is 


| supplied at a pressure of 80 Ib. per square inch. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scotch Steel Trade.—Work of national importance 
continues to take first place, the pressure for delivery 
of the material required by Government being great. 
In every producing establishment the entire steel plant 
is now engaged either solely on Government contracts 
or under Government supervision, and high priority 
certificates are necessary before manufacturers can be 
induced to undertake any other order. Constructional 
material is much in request, particularly in the ship- 
yards, where the building of standard vessels is the most 
important work at present in hand. Scarcity of labour 
is the only thing which stands in the way of further 
development meantime. Some small shipments to 
France and Italy are also being made. 


Malleable Iron Trade.—Both in their iron and steel 
departments malleable iron makers are actively employed, 
the bulk of their output being reserved for home use, and 
that mainly on Government account. Consequently little 
export business is being considered. In the manufacture 
of high tensile steel bars much use is being made of shell 
discard steel, a product which has been found most 
valuable owing to the shortage of Siemens and other 
soft steels. This is undoubtedly one of the most remark- 
able facts in connection with this branch of industry. 


Scotch Pig-Iron Trade.—No notable change of any 
kind has occurred in the pig-iron trade during the past 
week, the demand for all grades being as strong as ever, 
strict Government control ensuring an equal distribution 
of the sorts most required at the different iron and steel 
works. Everything produced is quickly absorbed, the 
steel works taking all the available hematite and the 
iron works as much forge quality as can be procured. 
The prevailing tone is firm when prices are not officially 
fixed. 


Firth of Forth Development.—A special committee 
deputed to go into the matter of the development of the 
Firth of Forth has just reported to the Bo’ness Town 
Council that, so far as Bo’ness is concerned, the reclama- 
tion of the foreshore must be the first consideration. 
It was pointed out that if the large tracts of mud-flats 
could be reclaimed a very extensive piece of ground 
would then be available which would offer valuable 
sites for industrial concerns—notably for steel-making 
establishments and shipbuilding yards, particularly as 
the breadth and width of the river opposite Bo’ness is 
eminently suitable for launching slips. At Leith also 
it has been intimated that there is every prospect of 
some considerable expansion of the shipbuilding industry, 
as already application has been made for a suitable site 
by a proposed new company. 








MAGNETO-MACHINES FOR Pocket Lamps.—The war 
may be responsible for a revival in the popularity of 
electric pocket lamps fed with magneto currents instead 
of dry-cell currents. Karl von Dreger, of Budapest, 
has put several such lamps on the market. In the 
small-size lamps, weighing 450 grammes (1 Ib.), one 
or several springs are put under tension by the repeated 
pressure of the thumb on levers; a lamp storing 
energy for 3 minutes would weigh 850 grammes, and 
a lamp giving a light for 10 minutes would require to be 
wound up with the aid of both hands, and would weigh 
2,350 grammes (5 lb.). In these lamps the armature is 
the revolving part. In the lamps of O. Pletscher, we 
see from the Elektrotechnische Zeitschrift of August 30 
last, that the field, built of rings, rotates like a flywheel 
in ball bearings about the double T -armature. ; there is no 
collector, but slip rings and brushes are provided, and the 
gearing consists of toothed wheels. These lamps weigh 
only 250 grammes ; a large type, of 750 grammes weight, 
is designed for cycles. If a hend can be spared for 
turning a small magneto-machine, and a little more 
weight is not objected to, there is no difficulty, of course, 
about portable electric lamps. 





SprrzBERGEN Coat Mintnc.—Information concerning 
Swedish coal mining at Spitzbergen has now been 
supplied by the director of the company, who has 
returned to Sweden for a short time. The coal deposit 
now to be worked is called the Svea mine. The breaking 
of coal commenced on September 3, and does not present 
any serious difficulties, as the coal lies almost on the 
surface. An inclined shoot serves for the transport 
of the coal to the shore, where the loading is to take 
place. In the meantime the coal will be stored under 
cover, and stocks of some 10,000 tons are reckoned 
to be available when shipment can commence next 
year ; so far, 25 tons are being worked per day. There 
will be no shipment of coal this autumn, but the steamers 
will receive the necessary bunker coal. Wages are high, 
and the cost of living is very low ; work can, no doubt, 
be proceeded with throughout the winter, and all that 
can be done for the comfort of the men is being done ; 
there is not much likelihood of the men agreeing to 
spend more than one winter in Spitzbergen. The 
Russian Spitzbergen Company is going ahead also, 
and a Norwegian steamer has just left Tromsé with 
provisions, explosives and other material for the Russian 
company. This concern owns the rich coal deposits 
between Green Harbour and Colesbay, and has had men 
working there since the spring of 1913, but work on a 
somewhat extensive scale has been taken in hand only 
since last summer. Some thirty men will winter on 
the spot and proceed with mining work. The Russian 
company think eae | will also have probably 10,000 tons 
at least ready for shipment next year, and this quantity 
is likely to go to Norway, the director of the company 





being the Russian naval attaché in Christiania. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal——The increase of price which 
came into force on Monday hed not materially affected 
the general situation, and supplies are being snapped 
up with great eagerness whenever possible. The market 
ell round has a strong tone. Trade nowadays is con- 
ducted on almost routine lines, for the official and semi- 
official requirements sre so great that it taxes the utmost 
resources of the collieries to deal with them, and as a con- 
sequence there is practically no free coal on offer. The best 
steam hards meet a consistent big demand and smaller 
sorts are alsotight. Slacks alone show any easing off, but 
this is due to the indifferent workings which ere taking 
place in the Lancashire cotton mills. Other avenues 
almost compensate for this. Allied end Admiralty 
needs absorb large quantities of South Yorkshire hards, 
but the trade with neutrals shows a further decline. 
Ges coal is an active market, with home companies 
keenly seeking winter reserve stocks. The house coal 
position possesses no new features. Quotations :—Best 
branch handpicked, 23s. to 24s. ; Barnsley best Silkstone, 
2ls. to 22s.; Derbyshire best brights, 2ls. to 22s. ; 
Derbyshire house coal, 19s. 6d. to 20s. 6d.; best large 
nuts, 19s. to 20s.; small nuts, 18s. to 19s.; Yorkshire 
hards, 19s. to 20s. ; Derbyshire hards, 18s. 6d. to 19s. 6d. ; 
best slacks, 14s. 6d. to 15s. 6d.; seconds, 13s. to 14s. ; 
and smalls, 10s. 6d. to 11s. 6d. per ton at the pit. 


Iron and Steel.—War steel indents are gaining in 
proportion, and there is continuous pressure on the local 
works to fulfil requirements. Up to date the supply 
has been exceedingly good, but it is recognised that it 
is capable of even further expansion when certain 
metters, such as the distribution of labour and material, 
have been carried out in even and equitable fashion. 
The question of alloys is also constantly exercising the 
attention of the Ministry of Munitions, and working 
experience gives ground for bettering our plans as we go 
along. ‘To-day’s system is much better than that of 
a year ago, and, accordingly, manufacturers look to this 
being improved upon. The most active branch at the 
present time of the industries concentrated here is that 
of the tool steel. The orders for high-speed steel and 
parcels of tools for the shipyard and armament shops, 
both here and in allied countries, have now reeched an 
enormous figure, and the full output of the Sheffield shops 
is required to meet the needs of the day. It is not a 
matter of surprise to read in conjunction with the above 
that no steps are being left unturned in the matter of 
shop equipment and extensions which will in any way 
facilitate output. The complaints which have been 
made in the matter of tungsten are isolated and do not 
represent the general body of opinion, which concedes 
that under the stress of war the present arrangements are 
exceedingly good and work out very fairly. Neverthe- 
less more of the refined ore could be done with, but it 
is understood that this is a shortcoming which can and 
will be repaired with time. Developments continue 
to take place in the iron trade, and the additional output 
is being rapidly utilised. The new Redbourn Steel 
Works, at Scunthorpe, will have an output of 10,000 
tons weekly, or thereabouts, whilst much is hoped from 
the new departure of Messrs. John Brown and Co., 
who are laying down steel plant at their Trent iron works. 
Progressive moves may also be expected at Frodingham 
and Appleby. The iron trade is in a healthy condition, 
and cnhens of basic, forge and foundry are obtaining the 
limit price without difficulty. The cutlery trade is 
much perturbed about the after-war situation, and 
attempts are being made to come to terms with labour 
in order that machinery can be introduced and the trade 
brought up to date in other respects. The general state 
of the overseas business bears a buoyant tone, which is 
a good omen for the future. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—As was anticipated, 
buying of Cleveland pig-iron on home account has, 
for the time being, practically ceased, consumers of 
foundry kinds being now very well covered under the 
October allocations. One or two allotments, however, 
continue to be made in cases where purchasers have 
for individual convenience split up their parcels. The 
current month’s demands are most exceptionally heavy, 
pressure for delivery being very insistent, seabieutasle 
from Scotland, where foundries ere exceedingly busy. 
Forge iron is not subject to allocations, and some very 
substantial sales of this quality have been made up to 
the end of the year. Complaints continue as regards 
shortage of trucks. Foreign sales are few and coal, bub 
supplies are understood to be going steadily forward to 
France through official channels. For home consumption 
No. 3 Cleveland pig-iron is 92s. 6d., and that price also 
rules for No, 4 foundry and No. 4 forge, whilst No. 1 
is 968. 6d.; and for shipment to the Allies No. 3 is 
102s, 6d., No. 4 foundry 101s. 6d., No. 4 forge 100s. 6d., 
and No. 1 107s. 6d. 


_ Coke.—Coke, as yet, shows no change, but an advance 
is expected to follow the rise in coal. Local demand 
is heavy, and blast-furnace descriptions ere selling at 
the fixed maxima, average kinds commanding 28s. at the 
ovens, and qualities low in phosphorus 30s. 6d. at the 
ovens, 


Hematite Iron.—The position in the East Coast 
hematite branch is generally regarded as better, and 
further improvement is confidently looked for. Con- 
ditions, however, are still stringent, but preparations 
for increasing the output of steel-making iron are 


year production promises to be very substantially 
enlarged. The careful system of distribution under the 
strict supervision of the Central Committee enables 


supplies. Negotiations for further home sales are 
reported, but foreign transactions are on a very limited 
scale. Nos. 1, 2 and 3 are 122s. 6d. for home use and 
141s. for export to the Allies. 


Manufactured Iron and Steel.—To satisfy the very 
heavy Government requirements and large shipyard 
needs, finished iron and steel manufacturers are running 
at high pressure, and ere so fully occupied with these 
classes of work that they show little or no inclination 
to entertain the rather numerous ordinary commercial 
inquiries in the market. Prices are stiff. The following 
are among the principal market quotations to home 
customers :—Common iron bars, 13/. 158.; best bars, 
141. 2s. 6d.; best best bars, 141. 10s.; iron ship plates, 
15. 108.; iron ship angles, 132. 15s.; iron ship rivets, 
19/.; packing iron and steel (parallel), 137. 10s. ; packing 
iron and steel (tapered), 15/. 15s8.; steel bars (no test), 
141. 10s. ; steel ship plates, 11/. 10s.; steel ship angles, 
11. 2s. 6d.- steel ship rivets, 201. and upward; steel 
boiler plates, 12/7. 10s.; steel joists, 111, 28. 6d.; steel 
strip, 15/. 10s.; and heavy sections of steel rails, 
101. 17s. 6d. 








NOTES FROM THE SOUTH-WEST. 

Carpirr, Wédnesday. 

The Coal Market.—Business on the Cardiff coal market 
this week, except on official account, has been practically 
at a standstill. Members have been chiefly occupied 
in discussing questions arising out of the new direc- 
tions for the sale of coal. At a meeting held on 
Change on Monday, most of the doubtful points in 
connection with the new directions were under con- 
sideration, and the Controller of Coal Mines is to be 
asked to clear up the doubts which still exist. One 
of the most important of these is the position of Algiers 
and Oran as compared with Gibraltar as coaling centres, 
and unless it is made perfectly indisputable that the 
French and British depots are treated equally, the effect 
will be a diversion of business to the French ports. 


Newport.—Idle conditions prevail on the Newport 
coal market this week. The supplies of empties, how- 
ever, have been sufficient to keep the majority of the 
Monmouthshire pits at work this week, and there is a 
little better inyuiry for coal for inland consumption. 


Miners and the Army.—It has been decided by the 
Executive Council of the South Wales Miners’ Federation 
to take a ballot on November 1 and 2, on the question 
of the combing-out of colliery workers for the army. 
The issue is placed on the ballot form, which is as 
follows: “Are you in favour of a down-tools policy 
in South Wales in the event of the Government pro- 
ceeding with their comb-out schemes in the mines ?” 
The taking of a ballot on such an issue at the present 
juncture has aroused a good deal of feeling, especially 
in view of the fact that the Miners’ Federation of Great 
Britain were parties to this particular scheme. It is 
only fair, however, to point out that practically all 
the men’s leaders are avowedly strongly opposed to any 
suggestion of the adoption of such a geliey as that 
indicated on the ballot paper, but their hands were 
forced by the delegates at the recent conference. The 
result will be awaited with the keenest interest in the 
Welsh coalfield. 


Supply of Coal to France.—A good deal of perturbation 
has been caused this week in coal exporting circles by 
the publication of a statement that Messrs. Furness, 
Withy and Co, had made an offer to the French Govern- 
ment to supply 1,000,000 tons of coal per month, free 
of brokerage. As this would practically absorb the 
whole of the exports of South Wales to that country, 
@ very serious view was taken of the situation, and a 
special meeting of exporters was held on y> 
at the Cardiff Exchange, to consider the matter. Lord 
Furness’ denial of the accuracy of the statement did not 
quite allay feelings of anxiety and apprehension which 
prevailed, and it was stated that currency had been 
given to a report that the deliveries were to commence 
after the war. While it was not suggested that Lord 
Furness’ denial should not be accepted without question, 
it was felt that the issue involved was of such grave 
import that it was decided that a special general meeting 
of the Chamber of Commerce should be called to consider 
a further. This will probably be held on the 
23rd inst. 


The New Coal Price Order.—The Welsh coalowners feel 
seriously —z by the conditions laid down in the 
new Order for the increase in the price of coal, The 
new increase is not to apply to coal exported to the 
allied countries. As to coe unequal must be the 
incidence of the Coal Controller’s decision in this con- 
nection, it is pointed out that of the total quantity 
of coal exported from the United Kingdom to France 
and Italy in August, no less than about 60 per cent. 
was shipped from South Wales, 30 per cent. from the 
north-eastern ports, and about 10 per cent. from other 
ports, all illustrating what is described as the arbitrary 
and unreasonable methods of the present system of State 
control. It is pointed out that without any regard for 
and, indeed, in direct conflict with, the Price of Coal 
(Limitation) Act, which regulates the price of coal for 
inland consumption, the Controller has recently ordered 
the colliery owners in South Wales to supply house coal 
to the Western Counties at the seduend and totally 
unremunerative price of 20s. per ton. The comment is 
made that “‘ the effect of these and similar measures has 
been to produce a serious economic crisis in the South 
Wales coalfield,’”’ and the coalowners express the view 


inland consumers still to receive adequate and regular 


national interests which is involved in the continuance 
of the present state of affairs.” 


Welsh Coalowners’ Protest.—The Monmouthshire and 
South Wales Coalowners’ Association has forwarded to 
the Prime Minister, the President of the Board of Trade, 
and the Controller of Coal Mines, a copy of a resolution 
in which they place on record their ‘“‘ emphatic protest ”’ 

inst the action of the Government in granting an 

vance in wages to the workmen employed at the 
collieries involving new principles without having 
conferred with the coalowners of the United Kingdom 
in order to ascertain “the serious economical effects of 
such an advance on the coal trade of the country.” It is 
pointed out that in the South Wales coalfield the average 
wages of the miners have not merely kept pace with, but, 
on the whole, have moved faster than, the rise in the price 
of commodities. Since July, 1914, the South ales 
miners have obtained advances on several occasions 
to the total amount of 73} per cent. on their standard 
earnings, and the general wage rate is now 133} per cent. 
above those rates, as compared with 60 per cent. in 
July, 1914. Moreover, this rise in the general wage rate 
has been supplemented by other important concessions 
possessing a a value which the workmen obtained 
as the result of the 1915 agreement. The increased 
percentage of 73 per cent. has been paid in many cases 
on higher standard rates, and its wage yield, therefore, 
has been correspondingly greater. The effect of these 
concessions on individual earnings may be gathered 
from the fact that the day wage workmen have received 
advances in their weekly wages amounting in the least 
favourable cases for a full week’s work from 17s. 6d. to 
27s. 4d.; while in the case of piecework colliers a wage 
census taken for the last tall week prior to Septem- 
ber 29 last, showed average daily earnings of 148, 7°7d., 
as compared with 8s. 7jd. in June, 1914. It will thus 
be seen, it is emphasised, that the increases over the 
war period have been general, that they have exceeded 
the average of the increases granted by the Government 
to other large bodies of labour, and that they are 
irrespective of the increase in kind represented by the 
continued supply to the miners of their house coal at 
an average pit-head price of 6s, 6d. per ton. The 
authorities in London, it is pointed out, have on 
practically every occasion listened to representations 
made by the miners’ unions, but they have not shown 
the same readiness to hear those made by the employers’ 
organisations, 





THE AssociaTION OF ENGINEERING AND SHIPBUILDING 
DRaAUGHTSMEN ; LONDON Brancu.—The annual general 
meeting of this branch was held at the Central Hall, 
Westminster, on Saturday, September 22, when about 
350 members were present. Mr, E. H. Walker (president) 
was in the chair, a a very satisfactory report of 
the work of the London branch since its formation in 
February, 1917. Interviews have been held with the 
Ministry of Munitions on the subject of leaving certifi- 
cates, &c., and the association has been represented 
at several arbitration cases concerning draughtsmen. 
Owing to the largely increased membership in the 
London area it has been decided to form a new branch 
for South-East London and District, the acting hon. 
secretary's address being 12, The Brent, Dartford, Kent. 
The association is at present being entirely reorganised 
on lines more in keeping with its national character, and 
a general secretary appointed to give his whole time 
to the association. The membership of the London area is 
now about 700, and new members are coming in daily. 
The London hon. secretary’s address is 38, Craster-road, 
8.W. 2, to whom inquiries should be addressed. 





Tue Granam “ Sinere” Davir ror Liresoat 
Hanpine.—Working demonstrations with an actual 
davit were given by Captain Graham, on Wednesday 
and yesterday, and are being continued to-day, from a 
wharf on the Thames, at the Port of London Authority's 
premises, Blackwall. The davit is built up of steel 
plates and angles. It has a total height of about 21 ft., 
the height from the promenade deck to the upper part 
of the + deck being 8 ft., and that from the latter 
point to the centre of the sheave at the davit head being 
13 ft. "The outreach from the centre of the davit at the 
boat deck to the vertical from the head sheave-pin is 
approximately 7 ft. 6 in. These dimensions can, of 
course, vary according to the height between decks and 
the rise of the lifeboats to be dealt with. The lifeboat 
is suspended centrally, and in all circumstances it is on 
an even keel from the moment hoisting commences 
down to the moment at which it is water-borne. The 
sling by which it is handled consists of two rigid rods 
securely bolted through the keel, each rod having at its 
upper end a short length of wire rope attached to the 
lifts ring. The boat is hoisted by a chain, which is 
doubled from the head of the davit and is led through 
a single sheave block, to which is attached a patent 
disengaging hook; this latter is absolutely automatic 
in its action and it cannot fail to disengage the ring on 
the boat sling immediately the boat is water-borne. 
When the lifeboat is free from the ship, the rods forming 
the sling can readily be hinged down - removing a 
pin from the ahead and astern ends. The hoisting is 
effected by a hand winch forming part of the davit and 
enclosed in a steel casing ; a loaded 28-ft. boat is rapidly 
hoisted and swung out by two men. A powerful slewing 
r is provided, slewing and hoisting being controlled 
y a lever close to the crank handles. A self-contained 
screw brake enables one man to lower the boat at any 
required speed. The chain tackle from the davit head 
to the winch drum is led down, on hoisting, over guide 
leys inside the davit, and from the drum it stows 
itself in the hollow bottom part of the davit, which thus 
serves as a chain locker. The davit is built by Messrs. 








proceeding so satisfactorily that before the end of the 
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James Howden and Co., Limited, Glasgow. 
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INDUSTRIAL COUNCILS AND POST- WAR 
RECONSTRUCTION. 


Tue War Cabinet has decided that Industrial 
Councils shall be constituted on the lines broadly 
laid down by the sub-committee on the relations 
between employers and employed, presided over 
by the Right Hon. J. H. Whitley, M.P.,-and includ- 
ing in its membership representatives of Capital 
and Labour. To the Ministry of Labour has been 
deputed the duty of preparing a definite scheme 
of the constitution of these councils, and of their 
functions, responsibilities and powers. No one 
interested in the public industrial development of 
this country or of the Empire will raise objections 
to the principle underlying the proposal for the 
organisation of such Industrial Councils ; but in all 
such reforms importance attaches to the details, 
and if the councils are to be successful in solving 
the difficult problems inherent to the relations of 
employers and workers, it is a vital necessity that 
these details should be evolved after careful con- 
sideration and discussion between the parties 
interested. When the Ministry of Munitions 
created their labour section employers were remiss 
in their duty to themselves and their class—one 
might also say to the national interest—in failing 
to enforce, through well-organised representative 
associations, the influence necessary to ensure 
that there would be a well-balanced consultative 
committee at the Ministry of Munitions. The 
result was that the trade unions dominated the 
department; they continue to dominate all 
discussion and solution of labour problems. The 
relationship between the Government and industry 
suffers from this one-sided arrangement, and, 
through industry, the whole of the national interests 
suffer. 

We are striving to-day towards economy in 
production. Employers have awakened to the 
necessity of improving the mechanism which 
advances this endeavour, but the peculiar con- 
ditions due to the war and the dominance of the 
Labour Party in Government departments has 





: to led to great increase in the rate of wage for all 
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production and distribution—indeed, every labour 
item which affects the selling price has increased— 
with the result that the purchasing value of the 
sovereign has immensely decreased. Therefore 
increased wage has brought little or no amelioration 
of the condition of the working classes, and has, 
at the same time, grievously affected the household 
balance-sheet of those engaged in occupations 
where wages or salaries have not been augmented 
to any appreciable extent. Thus it is incumbent 


upon employers by every means in their power to 
organise their forces so that now and after the war 
they will be able, with a collective voice, not only 
to guard their interests—which have become largely 
the interests of the consumer—but to guide the 
Government in rectifying the unfortunate state of 
affairs so far as wages affect the cost of production 
and the purchasing price of all commodities. Such 
organisation, too, is imperatively demanded if 
Industrial Councils are to be constituted on the 
right lines even within the scope laid down in the 
Whitley Report. 

We have dealt with the report generally in 
previous articles, notably when it was first issued. 
It is not, therefore, necessary here even to sum- 
marise the functions of the council. Broadly, the 
proposition is that, through the intermediary of 
associations fully representing employers in the 
respective trades and the trade unions in connection 
with those trades, there should be established, 
first, National Councils for the consideration of 
general principles; second, District Councils to 
consider all questions affecting well-defined areas, 
and, third, Works Councils, which would co- 
operate with the management of the individual 
works on all questions affecting the terms of 
employment, wages, education and general well- 
being of the workers in relation to efficiency of 
production. As we have said, the general scheme 
is commendable, and such dubiety as may exist 
has reference to the Works Councils, and particularly 
to the functions which these are to be permitted 
to perform; there is doubt as to whether and to 
what extent these might interfere in what may be 
termed the scientific and financial affairs of the 
factory. Such interference should be most carefully 
avoided. There is, too, the question whether these 
councils should, as seems preferable, be merely con- 
sultative bodies rather than executive committees. 
Immense advantage must accrue if, by these Works 
Councils, the management could be apprised at the 
earliest possible moment of any possibility of 
dispute, and be guided to a speedy treatment of the 
irritant or cause of the trouble. It is thus important 
that the Ministry of Labour should have the benefit 
of the views of organised employers as well as 
trade unions, and consequently it is desirable that 
steps should at once be taken towards the institution 
of associations, or the amalgamation of existing 
associations, concerned with clearly defined indus- 
tries. Employers in this respect have been remiss 
in their duty. Even where such associations or 
federations exist many employers have withheld 
their support. Attempt should at once be made 
to ensure that each large organisation, without 
exception and without duplication, can be accepted 
as representing the employers. 

It is not enough that employers should be 
organised to the fullest extent ; they should assume 
also the responsibility, in the interests of industry, 
of preliminary conferences with the trade unions 
connected with their industry, so that some agree- 
ment may be arrived at whereby the Ministry of 
Labour would be guided in laying down the duties 
and responsibilities not only of National Councils, 
but of those concerned with the respective districts 
and with the individual works. At such conferences 
we are convinced there would be found far more 
subjects on which agreement was possible than of 
differences which were irreconcilable. In the past 
there has been too great a tendency to look for lines 
of divergence rather than to arrange the conditions 
to ensure lines of convergence. As in mechanics, 
so in all human relationships, it is easy to lay down 
a survey and to evolve mechanism to prevent 
palpable divergence from the path of accuracy. It 
is therefore possible, and worth a great effort, to 
ensure by such preliminary conferences the organisa- 
tion on safe lines of the various councils. If, on 
the other hand, care is not now exercised, and the 
interest of employers not fully expounded, there is 
the danger that the labour bias of the past two 
or three years may wreck this promising scheme 
for drawing closer and sweetening the relations 
between employer and employed. 

The proposed Industrial Councils can be made of 
enormously greater influence than their immediate 
purpose—the regulation of contracts between the 
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will bring problems of immense complexity and 
far-reaching effect. To begin with, there will be 
the reinstatement of our brave warriors into their 
places in industry. We have already more than 
once shown that it is not so much a question of 
demobilising the army as of remobilising the 
industrial forces, and this can best be done, not by 
military organisation, but by those with full know- 
ledge of industrial conditions. What organisation 
could better achieve this end than the proposed 
Industrial Councils? The National Councils in 
the respective trades could each ascertain from 
District and Works Councils the absolute require- 
ments of the industry which they represented, and 
secure, through the army authorities, the transfer 
of the men required without any trouble. There 
is, again, the question of the reorganisation of 
factories now exclusively employed on war muni- 
tions. The National Councils representing the 
industries would be the most suitable organisations 
for assisting such factories to most suitable trades. 
They certainly could be a most valuable medium 
between the owners of those works and possible 
openings in trade, and particularly in securing the 
right class of mechanical appliances and of labour. 
This is the more important, as after the war there 
must be some co-ordinated effort for the allocation 
of mechanical appliances and of raw material, either 
produced in this country or imported from abroad. 
Bankruptcy may result, in view of the ruinous 
exactions which may be made owing to the difference 
between supply and demand. If there is to be con- 
trol of the necessary raw materials for manufactures, 
which seems unavoidable, the National Councils 
will be immensely preferable to the existing Govern- 
ment departments, which, after the war, will be 
depleted, owing to the withdrawal of experts who 
relinquished their ordinary private occupations in 
order to assist the Government in these times of 
war emergency. 

In fact we can conceive an immense advantage 
in the constitution of these National Councils on 
correct lines, laid down, after mature consideration, 
at preliminary conferences of employers and 
employed. It is not possible here fully to exhaust 
the subject, but there is one department of economic 
work which, if undertaken, would have great 
influence in the future peace-time relations of 
Capital and Labour. In considering the broad 
question the greatest difficulty is experienced from 
the absence of accurate data regarding the relative 
influence of Capital and Labour on the production 
of commodities, and also on the relative reward 
paid to Capital and Labour. Neither the District 
Councils nor the Works Councils can be permitted 
to investigate this question, because this is a case 
where it is better to argue from the general than 
from the particular. Local conditions may greatly 
influence the result. Were the National Council of 
each industry to appoint accountants to prepare 
precise data on carefully devised lines for an 
industry as a whole, it would be possible to measure 
with some degree of accuracy whether or not 
Capital was getting too great a reward at the expense 
of Labour; and whether investment on improved 
methods was assisting Labour to secure higher 
earnings and lower costs of production while giving 
a fair return for the capital involved. Finally, 
it would enable some definite deductions to be made 
regarding the influence of high wages and the 
‘“‘ca’ canny” principle on the selling price, and 
therefore on the cost of living of the nation, as well 
as on that degree of prosperity which is achieved 
through the expansion of exports of our manu- 
factures to foreign countries. 





FUEL ECONOMY. 

Tue steady and continued rise in the cost of 
coal during the earlier years of this century has 
been greatly aggravated since the outbreak of the 
war, and the past week has seen the official announce- 
ment of a further increase of 2s. 6d. a ton imposed 
to meet the “* profiteering ’’ demands of the operative 
miners. The nation at large will, no doubt, in more 
propitious times, refuse to be held to ransom by any 
of its constituent sections. In one way or another 
prices will ultimately be adjusted to a fair basis, and 
such part of the rise as may be attributable to 


by operative, is little likely to be permanent. Even 
the most optimistic, however, will hardly anticipate 
in this country a return to the prices of thirty 
years ago. In some respects, indeed, such an event 
would be unfortunate, as it led to wanton ex- 
travagance in the use of fast-wasting resources. 
This stage was no doubt an inevitable one. The 
steam engine and the blast-furnace would never 
have been devised in countries where fuel was 
scarce and dear, although when a certain stage of 
development had once been attained the necessity 
of economy in such countries played an important 
part in the perfecting of methods of using fuel for 
power production and for metallurgic processes. 

The present abnormal cost of coal has at any rate 
had one good effect in impressing upon all users 
the wisdom of devoting greater attention to fuel 
economy, and the matter has not escaped the 
attention of our Government departments in 
their sudden, if belated, realisation of the im- 
portance of science, both pure and applied. A 
fuel research board, with Sir George Beilby as 
director, was constituted, the second report of which 
(the first was unpublished) has been issued this 
week. On the purely scientific aspect of the 
question important progress has, it appears, been 
made. Up till now there has been no standard 
method of testing the suitability of coals for coking 
at low temperatures, all existing tests having been 
designed for gas works or coke-oven use, where the 
temperatures range from 900 deg. to 1,200 deg. 
A method has, however, now been worked out at 
the Imperial College of Science and Technology 
by which the yields of gas, coke, oils and other 
residuals can be determined at any definite tempera- 
ture of carbonisation. The apparatus is said to be 
simple, and arrangements are being made for 
supplying it commercially. 

There is, however, always a long step between 
a successful laboratory experiment and its develop- 
ment as an industrial process. In the latter case 
it is necessary not merely to produce but to find 
a market for the products. If low-temperature 
carbonisation is to succeed, the market value of 
the coke, oils, gas and other by-products must 
exceed that of the value of the raw coal plus 
the cost of carbonisation and selling. A difficulty 
is met here at the outset, since it appears that many 
of the products obtained in low-temperature carbon- 
isation are of a type previously unknown, so that 
new markets must be found. Though for the 
moment this circumstance constitutes a drawback, 
it may ultimately prove the salvation of the process, 
since its by-products will not have to compete 
directly with those from gas works and coke ovens. 
Experiment on an industrial scale is therefore 
necessary, and with the assistance of Dr. Carpenter 
and the board of the South Metropolitan Gas 
Company this is now being undertaken. A large 
research station is to be erected at the East Green- 
wich gas works. The gas and the by-products will 
be taken over by the company at market price, 
thus relieving the research station of all business 
worries and leaving the investigators free to devote 
their whole attention to the technical aspect of the 
problem. 

At the present time some 40,000,000 tons of 
coal are used for domestic purposes and in an 
exceedingly wasteful manner. They probably con- 
tribute more foul smoke to the atmosphere 
than the 100,000,000 tons consumed for power 
production, and this pollution from domestic 
sources is for many reasons much harder to regulate 
and control. The replacement of the domestic coal 
supply by a smokeless fuel is thus an eminently 
desirable consummation. If the whole of the coal 
now used for domestic purposes were thus replaced 
by coke, the production of this coke would be 
accompanied by a yield of about 2,000,000 tons of 
oil suitable for use in the Navy, which is now so 
largely dependent on overseas supplies. Other 
by-products have at present a high value for 
chemical purposes, but from what was said at the 
Newcastle meeting of the British Association last 
year it appears that many engineers and colliery 
owners are doubtful as to whether the market for 
these can be permanently relied on in view of 
recent advances in synthetic chemistry. This 
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doubt is particularly strong in the case of the 








nitrogenous by-products owing to the very large 
scale on which these are now being obtained from 
atmospheric nitrogen. The problem on the com- 
mercial side thus centres largely on the profitable 
disposal of the coke. Low-temperature coke makes 
an excellent open fire, but some alteration to the 
chimney flues is generally needed to prevent an 
excessive rate of combustion, and this will militate 
against the ready adoption of such a fuel. 

The coke can, of course, also be used in producers 
for making low-grade fuel-gas, and this gas, as the 
Mond Company have proved, can be used with 
great advantage for furnace work and under boilers. 
A difficulty met with is the necessity of teaching 
prospective customers how to use the gas. It is 
much more easy to waste gaseous fuel than solid 
coal, especially when the latter is fired by hand 
and every extra ton burnt means extra work for the 
stokers. Much, accordingly, will remain to be done, 
even after the technical problems of low-temperature 
carbonisation are satisfactorily solved. 

At Newcastle last year one speaker suggested 
that a tax of ld. a ton upon the use of raw coal 
would be not only an effective stimulus to less 
wasteful practices, but would provide, without 
hardship to the individual, the funds needed to carry 
on the research. The suggestion may be commended 
to those in authority, as it would be paid much 
less grudgingly than the 2s. 6d. now imposed on 
the consumer at the behest of organised labour. 
The consumer who paid his penny would have at 
least the satisfaction of knowing that it was devoted 
to the promotion of national thrift, whilst he may 
well have his doubts as to the ultimate destination 
of the miner’s half-crown. 

An important point made at Newcastle was that 
even were the coal raised used in the most economical 
way, the saving would at best be less than could be 
effected by the prohibition of present wasteful 
methods of mining. According to Professor H. 
Louis, for each ton of coal brought to bank at 
Barnsley, two tons of perfectly good but soft coal 
are left below and wasted. In Nottinghamshire 
and South Wales the tubs are filled, not with 
shovels, but with forks having tines spaced 1} in. 
apart, so as to leave behind all the small coal. One 
reason for this extravagant procedure is that the 
working miners insist on being paid for all coal 
raised as if it were large coal, whilst the selling price 
of the small is, of course, very much less, and it is 
accordingly left behind. The miners maintain 
their standard tonnage rate, but take less money 
weekly, and the nation is impoverished by the 
waste of its mineral resources. There is, of 
course, a difficulty in finding a market for small fuel. 
It is suitable for boilers only if the latter are 
specially designed for its use, which is far from 
being generally the case. In the past, when raised, 
it was often run to spoil or used for packing on 
railways. A profitable method of disposing of these 
smalls would probably do more to conserve our fuel 
supplies than any other single reform that could 
be mentioned. 





GERMAN CAPITAL ABROAD. 

Or all the weapons of war money is the most 
important, and every belligerent Government must 
strain its efforts to maintain a supply. The most 
direct method is to call upon foreign debtors to pay, 
or to sell property owned abroad. This method 
has been largely followed here, and our holdings 
in American securities have been reduced by scores 
of millions sterling. Germany has done the same, 
generally through the intermediary of Dutch or 
Swiss financiers, to guard against the interference 
of our cruisers, and directly in the case of neutral 
European countries. In Sweden and Norway 
German investors had large holdings, the com- 
panies being sometimes domiciled in Scandinavia 
and sometimes in Berlin. In either case it needed 
extensive financial arrangements to release the 
capital, and fresh companies had to be formed to 
take over the shares. Examples are to be found 
particularly in the Scandinavian iron mines, in 
which Germany had taken large interests. 

Thus the Swedish concern, the Gringesberg 
Company, which controls the bulk of Sweden's iron- 
mining industry has taken over the Strassa Mining 
Company and the Ickorrbotten Mining Company, 
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the shares of which two concerns were acquired 
by the Austrian Berg und Hiittenwerks Aktien- 
gesellschaft on the collapse of the Swedish Metal- 
lurgical Company. The Grangesberg-Oxelésund 
Traffic Company has in payment given 22,080 shares 
of its own, worth at present about 15,000,000 
kronor, to the Swedish Emissions Institute, which 
has arranged the deal. The Strassa concern com- 
prises the Strassa, Blanka and Smallberg mines, 
which are about three times as large as the Ickorr- 
botten deposits. The production of the Strassa, in 
briquettes and concentrated ore, has of late years 
amounted to 130,000 tons per annum, but the plant 
is designed for a considerably larger output, and 
the deposits so far examined would also justify an 
increase of production. The ore contains about 
65 per cent. of iron, and only very little phosphorus. 
The Ickorrbotten mines have supplied about 
50,000 tons of concentrates per year, of high iron 
percentage and free from phosphorus. This deal 
has been received with much satisfaction in Sweden, 
and of course tends to consolidate the country’s 
iron industry. There is still, however, a fair 
amount of German capital invested in Swedish 
mining concerns; just as there was of English 
capital some years ago. 

Similar endeavours are being made in Norway, 
and more than one concern in which German capital 
has been invested has become entirely Norwegian 
of late, thanks, no doubt, greatly to the large profits 
which have been earned in the latter country during 
the war. A recent example of foreign capital being 
weeded out is furnished by the Kristianssand 
Electrochemical Company, which, owing to the 
transfer, has also altered its name, its new style 
being the Fiskaaworks; the board is now ex- 
clusively Norwegian. 

In some of the countries which are at war with 
the mid-European powers German undertakings 
are being sold by the Governments and the proceeds 
held to await the final adjustments. Here we have 
grown quite accustomed to see advertisements calling 
for tenders for the purchase of businesses of enemy 
origin, and the same thing is seen in Germany, 
especially in relation to French and Belgian enter- 
prises. The most recent transaction of this kind 
is the transformation of the Lorraine Iron Works 
Union (the Lothringer Hiittenverein Aumetz-Friede) 
from a Belgian to a German concern. It should. 
however, be pointed out, that none of this company’s 
property is to be found on Belgian soil ; most of it, 
in fact, is within the German frontier, in Lorraine, 
in Rhineland, and, so far as the valuable coal mines 
are concerned, in Westphalia ; the lime deposits at 
Dompcevein lie in France, as does the company’s 
portion of the Murville ore deposits. Several 
circumstances made it desirable to do away with 
the twofold structure of the concern, most of the 
works, as already mentioned, being in Germany 
and the domicile in Brussels; and, in addition, 
the present time was considered favourable, the 
flourishing condition of the German iron and mining 
industry making it possible to undertake the transfer 
irrespective of cost. Nevertheless endeavours have 
been made to reduce the cost where it was possible, 
for instance, in the matter of stamp duty, and these 
endeavours have been attended with some success. 
The authorities have consented to treat the matter 
as if it were a question of an undertaking which 
from the beginning had been German. The com- 
pany was formed in 1897 with a capital of 8,000,000 
francs, which has since been increased seven 
times, and. now amounts to 72,500,000 francs. 
The Belgian company will, with all its assets and 
liabilities, be transferred to the German company 
formed for the purpdése, which will have its domicile 
at Kneuttingen, the Brussels company going into 
liquidation ; the new mark shares will be exchanged 
for the old franc shares at the rate 80: 100. 
German shares must not be smaller than for 1,000 
marks, the old shares are for 500 francs each, and 
the new shares will probably be made out for 1,200 
marks—that is, equal to three 500-franc shares. 
The transfer will be effected by a German bank 
syndicate, from which, as well as from the board 
of the new company, Belgian representatives will 
be debarred. The bank syndicate will also take 
over such of the mark shares, at an exchange of 150 
per cent., as, for some reason or other, are not, or 





cannot for the present be, exchanged for the old 
franc shares. It would seem that the old share- 
holders of Belgian or French nationality are being 
quite fairly dealt with. Some 40,000,000 francs, 
partly referring to the Aumetz and partly to the 
Fentsch concern, will also have to be transferred 
in a somewhat similar manner. The Fentsch con- 
cern is included in the transfer, but almost the 
entire share capital is already held by the Aumetz 
Company. In the balance-sheet of the Fentsch 
Company the works stand at 13,000,000 francs and 
the mines at 8,000,000 francs. The entire deal 
comprises values of some 125,000,000 marks. 

In Russia the three large German electrical 
concerns, the Allgemeine Elektricitiits Gesellschaft, 
the Siemens-Schuckert and the Siemens and Halske, 
have now been transformed into Russian under- 
takings. The Allgemeine Elektricitiits Gesellschaft 
in its new shape has a capital of 25,000,000 roubles, 
as has also that of the Russian Siemens Company. 
The Russian Exchequer is a large holder in both 
companies, and is represented by the Ministry of 
Commerce, which has subscribed 35 per cent. of the 
shares in both companies. The participation of the 
State has no doubt been prompted by a desire to 
keep under the German influence, as well as to be 
able to exercise a closer control upon the electrical 
industry generally. It has, however, been stated 
that the Ministry of Commerce does not intend 
to put its stamp upon the undertakings, for which 
reason its participation has been limited to 35 per 
cent. The commercial nature of the companies 
has thus been maintained, in preference to them 
becoming a State-worked concern. Temporarily 
the Ministry of Commerce, however, has taken over 
an additional 15 per cent. of the shares in the Allge- 
meine Elektricitiits Gesellschaft—which shares, 
on account of the uncertain prevalent conditions, 
had not been and might not be satisfactorily 
disposed of. Altogether the responsible repre- 
sentatives of commerce and industry favour the 
Exchequer becoming interested in concerns of 
general public interest, as long as such undertakings 
maintain their free initiative. The Siemens- 
Schuckert Works have recently discharged 30 per 
cent. of their hands, and it is not easy to forecast 
the future of their undertaking, or to be certain 
that the proposed transfer will be maintained. 





NOTES. 
ARTIFICIAL ARMS. 

THE loss of an arm, serious as it is, can be partially 
met by an artificial limb. One is apt to think of 
this as a wooden stump ending in a hook, but this 
is very far from a real idea of what can be achieved 
by a skilful instrument maker. By the aid of straps 
of webbing embracing the chest and shoulders it is 
possible to open and close the fingers of an artificial 
hand so that it may enable the wearer to hold his 
cards ina game. An expansion of the chest opens 
the fingers, while by rounding the back the fingers 
are closed. It is not necessary to keep a tension 
on the bands, but merely to operate them as and 
when it is needed to open and close the fingers. 
When the amputation has been above the elbow 
a belt is added to the other straps, and the artificial 
arm is held by three straps, which support it like 
the deltoid, infra spinatus and pectoralis major 
muscles. The forearm can then be flexed as well 
as the hand opened and closed. In addition, 
means are provided of rotating the forearm and 
hand, either automatically or otherwise, and in 
many ways imitating the natural limb. The 
extremity of the forearm can be arranged to hold 
tools of various kinds, from a fork to a chisel, the 
handle of a plane, or a spanner. A “chain 
appliance” enables a man to wield a heavy axe 
or sledge hammer, to wheel a barrow, and to use 
a shovel or broom, or any implement needing two 
hands and a swinging action. Of course no artificial 
limb can be equal to that given by Nature, but it 
may lift a man from the category of more or less 
useless persons into those which can play their part 
successfully in the world. A very interesting 
account of the various mechanical devices which 
have been constructed at Roehampton and else- 
where for this object was given last Monday before 





the Junior Institution of Engineers by Mr. Edward 


|W. Hobbs, and will repay perusal by all interested 


in the subject. 


Henry Corr. 

In his interesting presidential address to the 
Manchester Association of Engineers Mr. J. Phillips 
Bedson recalls certain facts which show that un- 
fair treatment by Government departments of 
scientific men and engineers isa tradition of very long 
standing. Henry Cort, the inventor of the puddling 
process, whichis said to have contributed 600,000,000/ 
to the national wealth, was ruined by departmental 
action. As partner he had taken a certain Adam 
Jellicoe, clerk in the Naval Treasury Office. On the 
sudden death of this partner defalcations in the Navy 
Fund were discovered, and the whole of the partner- 
ship effects seized. Further in accordance with a 
custom still held in respect in the public service 
the first care of the officials was to shield the depart- 
ment to the utmost. Hence, to shelter others who 
were implicated, all papers and accounts were 
burnt, leaving Cort without a shred of security or 
evidence as to his royalty contracts. Thus he 
was accordingly unable to enforce his rights. Indeed 
Mr. Bedson observes that infringement was actively 
encouraged, possibly, it may be suggested, from a 
fear that if Cort acquired financial resources he 
might be in a better position to expose departmental 
malpractices. The Commissioners suavely observed 
that “‘ Your invention appears to them of that 
utility as to induce them to give encouragement 
to the manufacture of British iron performed 
according to the methods that have been practised 
by you.” Cort also introduced the grooved roll 
now universally used for the production of rods 
and shapes. This invention is nowadays of even 
greater importance than that of puddling, since, 
whilst most of our structural material is now 
steel and not puddled iron, this steel is still worked 
up by means of Cort’s grooved rolls. 


Tue ELEcTRIcAL OPERATION OF RAILWAYS. 


The relative advantages of continuous, tri-phase 
and monophase currents for operating railroads 
electrically is discussed in a recent issue of the 
Revue Generale de lElectricite. The continuous 
current is, it is stated, advantageous when the 
lines are short, and particularly for heavy urban 
and suburban traffic, where the multiple-unit system 
makes it possible to increase at will the transport 
capacity of the line to meet sudden rushes without 
changing the ordinary train schedules. For long lines, 
however, the necessity for frequent sub-stations is a 
drawback. These are required at from 6 km. to 10 km, 
intervals, with a current supply at 500 volts to 800 
volts, but with 1,200 velts to 1,500 volts they may 
be spaced 20 km. to 25 km. apart. The rotary trans- 
formers or motor generators at these stations re- 
quire constant supervision. Hence for long lines 
the continuous-current system of supply is unsuitable 
in spite of certain indisputable advantages, amongst 
which is prominent the heavy starting torque 
available for accelerating the trains. The three- 
phase system has the advantage of very simple 
and reliable motors; and these motors can, with 
suitable precautions, be used to return current to the 
line during down-grade runs. The disadvantages 
are the necessity of three conductors and the 
inferior starting torque, which is, moreover, not 
independent of the voltage of the current supply. 
The motors, moreover, will only run economically 
at certain definite speeds. With the monophase 
system a series motor may be used having all the 
advantages of a continuous-current motor ; but the 
voltage of the motor circuit cannot well exceed 
400 volts, so that a transformer must be installed on 
the locomotive. This transformer, can however, be 
used as a substitute for the starting resistances 
necessary in continuous-current working, since the 
ratio of transformation can be readily changed. 
The disadvantages inherent to the system include 
trouble due to currents induced in adjoining tele- 
phone and telegraph wires, which can, however, 
be obviated. A more serious drawback lies in the 
fact that the monophase motor weighs about 
50 per cent. more than an equivalent continuous- 
current machine, and the commutation is less satis- 
factory. In a system used on the Norfolk and 
Western Railway the line is fed with monophase 
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current at 11,000 volts, which by means of a 
phase converter mounted on the locomotive itself 
is transformed into three-phase current, with which 
the traction motors are fed. This plan has the 
advantages of the three-phase system, but does 
not require three trolley wires or their equivalent. 


TESTING AND STANDARDISATION OF Moror FvELs, 


The Institution of Petroleum Technologists 
opened its session last Tuesday, when Mr. E. Lawson 
Lomax, M.Sc., presented a paper on the “ Testing 
and Standardisation of Motor Fuels.” The chief 
classes of compounds present in petroleum spirit 
are normal paraffins (hydrocarbons, in which the 
radicles are linked in a single, open chain), iso- 
paraffins (with side chains), naphthenes or cyclo- 
paraffins (radicles joined in closed cycles), and 
aromatic hydrocarbons (containing one or several 
benzene rings). Only the normal paraffins show 
a regular progressive increase in density and rise of 
boiling-point with increasing molecular weight, and 
the specific gravities of the members of this series 
are lower than those of compounds of the same 
boiling-points from the other series. Thus, Mr. 
Lomax pointed out, motor spirits of the same 
volatility (range of boiling-point) might vary con- 
siderably in density, and it was high time to shelve 
the usual question about the gravity of a spirit, 
which was not a criterion of its value, and to inquire 
rather about its volatility. The density figures 
given in the usual tables, moreover, did not always 
refer to the temperature of 15.5 deg. C. or 60 deg. F., 
which was confusing. The volatility was generally 
determined by distillation tests according either to 
Sir Boverton Redwood (1) or to Professor Engler (2). 
Method (1) was a continuous distillation from start 
to finish. According to (2) the lamp was with- 
drawn as soon as the requisite temperature (150 
deg. C. for the first fraction) was attained ; when 
the temperature had fallen by at least 20 deg. 
the oil was reheated to the boiling-point, again 
cooled, &c. Method (1) was much more easy and 
expeditious than the others; but Trotman had 
shown already in 1906 that the method masked 
the presence of low-boiling constituents, especially 
of small percentages. Having applied the two 
methods in various modifications, Mr. Lomax 
demonstrated by tables of analyses that in mixtures 
of benzene, toluene and xylene the initial boiling- 
point was 12 deg. C., and even 18 deg. C. higher than 
that of benzene (78.5 deg.), and higher also than 
the final boiling-point of benzene, and that test (1) 
might indeed conceal the presence of low-boiling 
hydrocarbons. The test was not to be rejected 
in toto, however ; but if it were carried out at rapid 
rates ranging from 4 cub. cm. to 5 cub. cm. per 
second, as Dean had recently suggested in Technical 
Paper 166 of the Bureau of Mines, on “ Testing 
Motor Gasolines,” serious errors might arise. Mr. 
Lomax exhibited a novel apparatus of his con- 
sisting of a small flask, a Young dephlegmator 
column and a Liebig cooler, which combined the ease 
of manipulation of (1) with the reliability of (2); 
this apparatus could be obtained from Messrs. A. 
Gallenkamp. The composition of motor spirits 
had gradually changed, and as the low-boiling 
hydrocarbon should not be wasted in road engines, 
engineers would have to devote themselves to the 
design of engines capable of running on still less 
volatile mixtures than used at present. As regards 
sulphur compounds in the spirit it was fortunate that 
the technical test did not require their very difficult 
elimination. His colleague, Mr. Esling, had devised 
a new, reliable and ready method for determining 
the total sulphur ; he burnt the spirit mixed with 
alcohol in a glass lamp and absorbed the combustion 
products by sodium carbonate. The temperature 
of ignition was of great ixterest to the engineer, 
because it was related to the permissible com- 
pression limits. In oxygen, benzene ignited at 
566 deg. C., alcohol at’ 395 deg., petrol at 270 deg 
to 280 deg. ; the corresponding temperatures in air 
were higher. Harold Moore had proposed to test for 
spontaneous ignition by letting a drop of the spirit 
fall into a platinum crucible heated to a certain 
temperature and determining the lowest tempera- 
ture at which an explosive ignition resulted. This 
test could not yet be accepted as a standard test, 
however, and premature standardisation of the 
motor-spirit tests seems inadvisable. 


FERRO-CONCRETE SHIPBUILDING. 
(Concluded from page 366.) 


WE give on page 416 four illustrations of the 
launch of the ferro-concrete ship Beton I, of which 
we published sectional drawings and plan with the 
preceding article. The feature of the launch is 
associated with the fact that, for facility in arranging 
the reinforcement of the concrete, the vessel was 
built bottom upwards, and the platform on which 
it was completed was sent down the ways, as shown 
in Fig. 19, the three successive views on the same 
page illustrating the progress of uprighting after 
the vessel had floated. In order to ascertain the 
different phases and conditions of the process, 
M. Alfsen undertook a number of experiments 














of a distinguished gathering, including the Premier, 
Mr. Gumar Knudsen, and the “ provision ” minister 
(a new post, an outcome of the times), M. Oddmund 
Vick. The hull looked bright and shapely on its 
cradle, on which were placed a number of sandbags, 
intended to keep down the cradle when the vessel 
glided out from the slip. The hull looked like a big 
whale in its proper element, and a number of 
workmen, headed by the foreman, went on to the 
hull to open the circulation pipes, of which there 
were four on each side. The air began to flow out, 
the vessel began to lean over to port, and shortly 
afterwards, on the starboard side, the counter rail - 
became visible above the water. In a few minutes 
the hull had righted itself. The Premier, himself 
an old engineer, much interested in engineering 
exploits, and a large shipowner, at a subsequent 
gathering made a complimentary speech in which 
he congratulated M. Alfsen on the extremely 
successful and interesting launch according to his 
new method, and stated that the ferro-concrete 
shipbuilding industry might become of vital impor- 
tance to the country. 

The Porsgrund company looks upon it as essential 
that this class of shipbuilding should be carried 
out on an extensive scale of the standard types 
which may be chosen, and no doubt is entertained 
as to it being possible to build vessels extremely 
quickly and cheaply on these principles. The 








company intends to build, by degrees, larger and 











with a model, and Figs. 23 to 27 show diagram- 
matically the successive stages in the uprighting 
of the ship. 

Care had to be exercised to ensure that, in 
launching, the vessel, from being stable, should 
become the reverse, or nearly so; thus the up- 
righting took place automatically, or by using 
very little power. The main principle was that 
the air under the “ arch” should be partly released. 
The accompanying diagrams show the course of 
the uprighting in principle. Fig. 23 shows the boat 
as it has just reached the water. It is at that point 
stable. The air was then let out, and water was 
admitted into the vessel, thus destroying the 
stability by reducing the water-line, as shown in 
Fig. 24. The vessel then was in an unstable 
condition, gravity, as represented by 7 in Fig. 25, 
being above buoyancy, represented by 8, and an 
upsetting couple being introduced, as shown in 
Fig. 26, brought the vessel to the upright position, 
as shown in Fig. 27. The uprighting, to begin with, 
proceeded slowly, in the intermediate position it 
accelerated, the working moment at that point 
being greatest, and then again more slowly, until 
the moment becomes zero. The turning took 
place very neatly, without any shock, and the 





vessel had then of course to be emptied. 
The launch of Beton I took place in the presence 
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larger vessels, fully fit and seaworthy for oversea 
'traffic. A subsidiary company, working on the 
| same patents, has already been started for western 
Norway at Ytre Arne, near Bergen; the instal- 
lations are being pushed ahead, and the first ferro- 
concrete vessels from that yard are expected to be 
taken in hand shortly and ready for delivery 
within a few months. : 

In supplement to the drawings and particulars 
of Beton I we give detailed sections and plans of 
a ferro-concrete barge of 36 tons capacity, as there 
can be little doubt that to this type of craft, suited 
for canals and river transport, the ferro-concrete 
system of construction is specially adapted. The 
drawings are so complete and self-explanatory 
that there is no need to enter upon a detailed 
description. Fig. 28 is a longitudinal section and 
Fig. 29 a plan, showing the general arrangement 
of framing and decks. The overall length is 
54 ft. 2 in., the beam about 15 ft., and depth 
moulded 7 ft. 6 in. Figs. 30 et seg. show completely 
details of reinforcement throughout the vessel. 

In Denmark, it may be added, a company for 
the construction of ferro-concrete vessels was 
formed under the style of Danish Ferro-Concrete 
Shipyard, with a capital of 700,000 kronen, which 
could be increased to 1,000,000 kronen. The 
necessary site has been secured at Masmedssund, 
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36-TON FERRO-CONCRETE BARGE. 


CONSTRUCTED AT THE PORSGRUND CEMENT WORKS, PORSGRUND, NORWAY. 


FRAME !. FRAME 2 FRAME 3. SECTION 1.1. 
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Fig.20. 


FRAME 4: 
Upper Bod 
gLower Rod 














SECTION AT FRAME lf SHOWING TYPICAL 
RE-INFORCING OF BOTTOM, SIDES & DECK. 
NOTE: The same re-inforci Ls used here; 

the rods being laid out from A & B with the 
centres as marked 





Fre et SECTION THROUGH HATCH COAMING 
& BULKHEAD WALL. 










HORIZONTAL SECTION OF 
RE-INFORCING AT STERN. 








HORIZONTAL SECTION OF 
RE-INFORCING AT BOW. 
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where first-rate material for the work is available. 
The yard will commence work with the building of 
sloops and lighters on a new principle, worked 
out by one of its engineers, with double bottoms 
and sides, with a number of small watertight com- 
partments between, besides proper watertight bulk- 
heads. The Ministry for Commerce and Shipping 
has prepared rules for the classification of ferro- 
concrete vessels, and the ship classification bureaux 
will, it may be expected, adopt classification of 
ferro-concrete vessels. The Danish ferro-concrete 
shipyard has so far been hampered by the almost 
complete impossibility of obtaining suitable steel 
and the serious shortage of cement; but work 
will be started as soon as possible, with a fairly 
large staff. 





THE INFLUENCE OF HEAT TREATMENT ON 
THE ELECTRICAL PROPERTIES OF STEEL. 


The Influence of Heat Treatment on the Electrical and 
Thermal Resistivity and Thermo-Electric Potential of 
some Steels.* 


By Epwarp D. Campsetr and Witiiam C. Dowp 
(University of Michigan, Ann Arbor, U.8.A.). 


Tue principal — of the present investigation— 
which is far from ing complete—was to conduct a 
preliminary study of the correlation of electric and 
thermal properties of steels in the light of the solution 
theory if accepted in the full sense of the term. 

Although an apparent connection between thermal 
and electrical conductance in metals had previously 
been noted by Forbes, it was the systematic work of 
Wiedeman and Franz in 1854 which demonstrated the 
relationship was probably a definite one. If this were 
the case it would be reasonable to expect both electrical 
and thermal resistivity in metals might be due to 
the same atomic or molecular mechanism, Although 
numerous investigators studied the relation existing 
between electrical and thermal resistivity in metals 
subsequent to Wiedeman and Franz’s publication, it 
was the exhaustive work of Jaeger and Diesselhorst 
which demonstrated that the ratio of the electrical to 
the thermal resistivity is approximately constant for 
pure metals, but does not hold equally well for impure 
metals or alloys. In 1897 Schulzet measured the thermal 
and electrical conductivities of five carbon steels and 
one manganese steel, and showed that the Wiedeman 
and Franz law did not hold in the case of these metals. 
It is now generally conceded that the Wiedeman and 
Franz law—that is, the ratio of the electrical to the 
thermal resistivity in absolute units—holds quite closely 
for pure metals, being about 6.5 x 10-1, It does not, 
however, hold very closely for impure metals or alloys, 
although in general any marked change in electrical 
resistivity is accompanied by a corresponding change 
in thermal resistivity. During the — twenty years 
physicists have carried out a great number of experiments 
in order to determine with an increasing degree of accu- 
racy the correlation of electrical and thermal resistivity in 
metals, with special view to the influence of the tempera - 
ture at which the measurements were made on this 
relationship. In almost all this work metals or alloys of 
metals other than iron were employed. Ve few, 
if any, systematic measurements of the thermal resis- 
tivity of steel have been made, although the fact that 
there is a close relationship between the chemical con- 
stitution and electrical resistivity of steel has been recog- 
nised for more than fifty years, and has served as a basis 
for many researches. 

Although the solution theory of metals, as it is now 
termed, was first advanced more than a century ago, 
to the great majority of physicists and metallurgists the 
term is almost a meaningless phrase, since they still 
refuse really to accept as a mental concept the essential 
unity of the mechanism of metallic and aqueous solutions, 
They all recognise and take into account the part ay 
by the solvent as differentiated from that played by the 
solute in ordinary solutions, and yet, when studying the 
properties of metallic solutions, many of them refuse 
to recognise the essential unity of mechanism, and make 
little or no effort to differentiate between the part played 
by the solvent and that by the solute. It would seem 
entirely possible that, if metallic solutions were regarded 
from exactly the same view-point as ordinary solutions, 
reasonable explanations for many well-known phenomena 
might be found which cannot be satisfactorily explained 
in any other ee ; 

In 1915 one of the authors{ gave experimental evidence 
to substantiate the conception that total electrical 
resistivity of steel must be considered as made up of two 
components—first, that due to the solvent, and, second, 
that portion due to the carbides in solution ; the effect 
of these latter on the electrical resistivity being pro- 

rtional to the concentration of the carbides actually 
in solution. It was there suggested that, as in aqueous 
solutions, it is the molecules in solution which are capable 
of reacting with different forms of energy, and conse- 
quently the electrical resistivity would dependent 
on the molecular concentration of the carbides in solution, 
since by their reactivity these carbides would cause 
electrical energy to disappear as such and reappear in the 
form of heat. 





* Paper taken as read before the Iron and Steel 
Institute, tember, 1917. 

+ Annal. Phys. Chem., vol. \xiii, page 23, 1897. 

t Journal of the Iron and Steel Institute, 1915, No. II, 
page 164, 





In a later a gl the dependence of the electrical 
resistivity on the concentration of the carbides in 
solution was confirmed, and it was further shown that 
if carbides are the only solutes present in noticeable 
amounts the thermo-electric potential due to dissolved 
carbides is a function of the concentration. In these 
same papers it was further shown that electrical con- 
ductance is almost entirely through the solvent, while 
electrical resistivity is only in part due to the solvent, 
frequently as much as 80 per cent. or more of the total 
resistivity being due to the solutes in solution. 

Experimental,—The experimental bars used were all 
machined down to a uniform size of 6 mm. square by 
15 cm. in length from stock samples of larger bars 
furnished by the courtesy of the same companies which 
have supplied us with bars in our previous work. The 
composition of the steels used in the present research is 
given in Table I. 


TasBiLe I.—Composition of Steels. 
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INI 0.018) 0.016) 0.005) 0.018} — | 0.018) — — 
H57 0.57 | 0.11 | 0.010) 0.020) 0.17 -- ~- = 
INC 1.184) 0.016) 0.005) 0.018} — 0.018} — -- 
C5 0.945) 0.189) 0.013] 0.016) 0.155) — — = 
Hl 0.18 | 0.67 | 0.007; 0.019) 0.16 — 3.45 oa 
M8 0.326) 0.405) 0.013) 0.026) 0.162) — 4.48 —- 
H6 0.14 | 0.44 | 0.009) 0.008) 0.11 — 4.12 |1.61 
SN1 1.119) 0.40 | 0.020) 0.038) 1.20 | 0.06 | 0.31 |0.348 
8N3 0.104; 0.122) 0.03 | 0.025) 3.649) — _ _ 
MN1 1.150)11.57 | 0.055) 0.023) 0.25 — — — 


























In annealing the steels used a number of sample bars 
were usually packed in an electrically-heated furnace in 
such a way as to avoid oxidation, and the temperature 


LP OF ANNEALED STEELS PLOTTED 
GA INST. SPECIFIC RESISTANCE. 
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raised overnight to that stated as the temperature from 
which each sample was annealed, after which the furnace 
was allowed to cool for 24 hours and the large sample 
bars removed. It was from the sample bars thus 
annealed that the small experimental bars used for 
quenching were machined. All temperatures, whether 
of annealing or quenching, were measured by means of 
standard platinum-rhodium thermocouples standardised 
at intervals against the melting-point of pure silver 
taken at 961 deg. C. 

The method of hardening the small bars was essentially 
the same as that employed in this laboratory for some 
years and described in detail in 1915.| The bars to be 
quenched were suspended in an _ electrically-heated 
furnace so designed that, no matter how long they were 
kept in the furnace, there was no oxidisation, and 
carburisation, if occurring at all, did not exceed 0.02 per 
cent. The bars were kept in the heated chamber as a rule 
one hour, the temperature being measured by a thermo- 
couple placed 2 mm. or 3 mm. from the bars under 
treatment. The quenching bath was a large volume of 
ice-water, and, as in our previous work, the time required 
to transfer a bar from the furnace to the quenching bath 
was a little less than one second, the same amount of 
time being required to cool the bar from the quenching 
temperature to below a red heat. Experience in this 
laboratory has tended to show that bars which are 
perfectly clean and bright cool somewhat more quickly 
on quenching than the same-sized bars which have been 
heated in a fused salt bath. These latter, on withdrawi 
from the heating bath, are covered with a thin film o} 
fused salt, which appreciably retards the cooling e 
of the water. Enough bars of each kind of steel were 

uenched to enable the specific resistivity and thermo- 
electric potential to be measured at the same time. 
Thermal resistivity was measured on one of these bars 
after the other measurements had been made, After 
all the bars had been quenched they were carefully 


* Journal of the Iron and Steel Institute, 1916, No. II, 


268. 
; Journal of the Iron and Steel Institute, 1915, No. I, 
page 164. 
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polished and the measurements of specific resistivity, 
thermo-electromotive force, and thermal resistivity made 
with no more delay than was necessary. Numerous 
experiments in this laboratory have shown that, on 
account of the instability of the solid solution produced 
by quenching steel in cold water, the specific resistivity 
and correlated properties will fall off very appreciably even 
at room temperature within a comparatively short time, 

The specific resistances were measured in all cases on 
bars kept immersed in an oil bath and maintained at a 
constant temperature of 25 deg. C. The method of 
determining specific resistance was the same as that 
heretofore employed, that is, by measuring the fall in 
potential between knife-edges clamped to the bar 10 cm. 
apart, while a current of constant density was flowing 
through the bar. 

On account of the rapid change in chemical constitu- 
tion of hardened steel with increase of temperature it was 
thought best to make the measurements of specific 
resistances, thermo-electromotive potential, and thermal! 
resistivity without allowing the temperature of the bars 
at any time to exceed 35 deg. C. or 40 deg. C. The 
thermo-electromotive force measured, therefore, was that 
due to the temperature gradient between 0 deg. C. and 
25 deg. C. The method employed was a modification of 
the one used a year ago and described in detail in one 
of our previous papers.* In the method used in the 
present work three bars of the same steel and subjected 
to the same heat treatment were clamped together to 
form a triple compound bar, to the ends of which were 
attached, by means of pure iron clamps, the annealed 
ingot iron leads connecting the ends of the compound 
bar with the galvanometer by means of which the 
potential was measured. One end of the compound bar 
was maintained, as in our previous work, at 0 deg. C. 
by means of crushed ice, while the other was immersed 
in the same oil bath as that used for specific resistivities, 
which was maintained at 25 deg. C. Thus the thermo- 
electromotive force, measured and expressed in micro- 
volts, represents the difference in thermo-electromotive 
potential of the steel in question and pure iron over the 
temperature gradient from 0 deg. C. to 25 deg. C. 


RELATIVE THERMAL RESISTIVITY 
HARDENED STEELS PLOTTED 
RESISTANCE. 





(se16.8.) 


As the work herein described is in a sense a preliminary 
study of the correlation of electrical and thermal resis- 
tivities without any attempt to determine the absolute 
relationship, the thermal resistivities so far determined 
have all been relative, that of pure ingot iron being taken 
as unity. It is hoped that later new determinations of 
thermal resistivities will be made with improvements 
in the apparatus which will enable such measurements to 
be made under more favourable conditions, and with a 
higher degree of precision, so that the results may be 
reduced to absolute units. The method employed of 
measuring the relative thermal resistivities herein given 
was one of the stationary temperature type, the technique 
of which was developed under the direction of Dr. 
Carleton V. Kent of the Department of Physics. The 
detailed description of this method of Dr. Kent is given 
in the Physical Review of 1917. 

The method of determining the relative thermal 
resistivities is briefly as follows: The bars, 6 mm. square 
and 15 cm. in length, are provided with two holes a 
little less than 1 mm. in diameter and 4} mm. in depth, 
one hole being 5 mm. from the cold end of the bar and 
the other 10 cm. from the same end. These holes are 
for the insertion of fine copper-constantan thermo- 
couples, by means of which the difference in temperature 
between each of the holes and the surrounding space is 
measured. The holes were filled with paraffin oil before 
inserting the thermocouples, a better thermal contact 
being thus obtained between the couple and the steel 
than when the oil was not used. About 3 cm. of one 
end of the bar was inserted in a small heating coil, by 


ffect | means of which the temperature of the bar at the hot end 


could be easily raised and maintained constant for any 
desired length of time. The bar, supported in the heating 
coil and with thermocouples in position, was inserted 
into the centre of a heavy steel cylinder, 20 cm. inside 
diameter and 40 cm. long, and closed at the inner end 
with a heavy steel plate. This steel cylinder was, in 
turn, boxed in, in order to avoid local air currents. The 
mass of the metal—something more than 20 kg.—was 


* Journal of the Iron and Steel Institute, 1916, No. II, 
page 268. 
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sufficient to maintain reasonable constancy of tempera- 
ture throughout the interior during a given experiment. 
After a bar whose thermal resistivity was to be measured 
had been inserted into the steel cylinder, a current was 
turned on through the heating coil until the thermo- 
couple showed a rise of about 10 deg. C. The copper- 
constantan thermocouples used were made of very 
fine wires, each being calibrated against a standard 
thermometer. The couples gave a deflection of about 
6 mm. per each degree, so that temperatures could be 
readily measured to within less than 0.05 deg. C. Since 
all bars were of the same dimensions, the thermocouple 
holes were the same distances from the cold end in every 
case, and the temperature of the higher point of measure- 
ment was substantially constant in all cases, the difference 
in temperature at the cold and hot points of measurement 
must have been directly dependent upon the thermal 
resistivities of the bars. Usually from 14 to 2 hours 
were required for the system to come to equilibrium. 
When this had been attained, the ratio of the tempera- 
ture difference at the hot and cold ends of the bar 
was calculated. Dr. Kent has shown that the ratio 
a1 = cos a 1, in which simplified equation a = SF 4 P 
62 cq 

where h is the heat lost to the enclosure from 1 sq. cm. 
of the surface per degree excess temperature, p is the 
perimeter, c is the conductivity, and q is the cross-section 
of the bar. From mathematical tables giving hyperbolic 
functions a1 may be found from the experimentally 


determined temperature ratio M1 Since we are interested 
2 

in the reciprocals of the conductivity or the resistivity, 
the relative resistivities may be easily found from the 
(a 1)’s, as h, p, gq and 1, the distance between the hot 
and cold points of measurement, are the same for each 
bar. ‘The resistivities would, therefore, be directly pro- 
portional to the square of the (a 1)’s. 

The results of the measurements of the specific 
resistance at 25 deg. C., of the relative thermal resistivity, 
and of the thermo-electromotive force of the nine steels 
in the annealed condition, are given in Table II, in 
which the steels are arranged in order of increasing specific 
resistance. In this table is also oy the specific 
resistance of the pure ingot iron which is taken as unity 
in the determination of relative thermal resistivities and 
which is also used in opposition to the different steels 
when determining the thermo-electromotive potential. 
The small numbers in parentheses following the names 
of the steels as given in Table II serve to identify the 
points corresponding with each steel, as shown graphically 
in Figs. 1 and 2. 


Taste Il.—Table showing Specific Resistance, Relative 
Thermal Resistivity, and Thermo-Electromotive Potential 
of Annealed Steels. 














Thermo- 
Specific Electromotive 
Steel Tempera- | Resistance| Relative Potential 
; ture of in Thermal | against Ingot 
Annealing.| Microhms. | Resistivity. Iron in 
Microvolts. 
deg. C. 
INI (1) 778 10.64 1.0 — 
H57 (2) 903 15.28 1.25 116 
INC (3) 960 15.90 1.35 90 
C5 (4) 903 18.05 1.47 128 
Hi (5) 700 25.16 1.99 310 
MB (6) _ 25.36 2.03 371 
H6 (7) 718 $2.24 2.38 232 
SN1 (8) 950 41.58 2.84 362 
SN3 (9) 985 53.37 3.17 556 
MN1 (10) 810 54.25 3.78 334 

















In Table ITI are given the corresponding measurements 
made on the same steels as those given in Table II, but 
with the steels in the quenched or hardened condition. 
The steels are again arranged in order of increasing 
specific resistance, but it will be noted, from the small 
figures in parentheses following the name of each steel, 
that the order of arrangement of the steels in the hardened 
condition is quite different from what it was when the 
steels were annealed, 


Taste III.—Table showing Specific Resistance, Relative 
Thermal Resistivity, and Thermo-Electromotive Potential 
of Hardened Steels. 











Thermo- 
Specific Electromotive 
Tempera- | Resistance| Relative Potential 
Steel. ture of in Thermal | against Ingot 
Quenching.| Microhms. | Resistivity. Iron in 
Microvolts. 
| ro 
deg. C. 

INI (1) Annealed 10.64 1.0 _ 
H57 (2) 902 22.08 1.85 186 
Hi (5) 902 27.74 2.22 318 
M8 (6) 830 29.72 2.27 368 

900 — — — 
H6 (7) 830 34.77 2.68 216 
C5 (4) 830 37.41 2.99 320 

902 _ — = 
INC (3) 830 41.64 3.27 352 

902 = _- = 
3N3 (9) 902 54.72 3.57 556 
SN1 (8) 830 56.38 3.93 324 
MN1 (10) 902 69.80 5.35 534 

















In order to bring out the correlation of the thermal 
and electrical resistivities as influ by chemical 
constitution and heat treatment, the results of the 
measurements given in Tables II and III are shown 





graphically in Figs. 1 and 2. In these the specific 
resistances in microhms are shown on the abscisse, 
while the corresponding relative thermal resistivity and 
thermo-electromotive potentials are shown on the 
ordinates. It will be noted that the curve of relative 
thermal resistivity is approximately a straight line 
except for two points, 8 and 9, of the steels SN1 and 
SN3, both of which are high silicon steels, the silicides 
apparently giving a distinctly higher ratio of electrical 
to thermal resistivity than do carbides or other solutes. 

A study of the data given in Tables II and III, and 
of the curves shown in Figs. 1 and 2, reveals some 
interesting relationships, especially if viewed in the light 
of the solution theory of steel accepted in the full sense 
of the word. [If steel is regarded as made up of a solvent 
and solutes, we may get an approximate idea of the 
relationship of that portion of the electrical resistivity 
due to solutes, to that portion of the thermal resistivity 
due to solutes by subtracting from the total specific 
resistance the specific resistance of pure iron (10.64), 
and from the total relative thermal resistivity that of 
pure iron (1.00), and then finding the ratio of the 
electrical resistivity to the relative thermal resistivity. 
The ratio of the electrical resistivity to its relative thermal 
resistivity of pure iron would, of course, be 10.6 
in the case of the annealed steels, we calculate by the 
method above just suggested—the ratio of the electrical 
resistivity to the relative thermal resistivity—we find 
this varies from 14.3 to 19.7 in the case of SN3, in which 
the solute is almost entirely silicide. In the case of 
the hardened steels the ratio of the electrical resistance 
to the relative thermal resistance due to solutes varies 
from 13.4 to 17.4, the highest ratio again being due to 
that of SN3, containing the highest concentration of 
silicides. These ratios are all noticeably higher than 
the ratio found in the case of pure iron solvent and 
confirm what has been known for many years—that the 
Wiedeman and Franz law does not hold in the case of 
impure metals or alloys, the electrical resistivity of such 
metals increasing more rapidly than the thermal 
resistivity. In all the steels under examination the 
effect of quenching has been to increase both the electrical 
and thermal resistivity, the extent of this change being 
closely connected with the percentage of carbon in the 
steels. This would be expected, since it is the carbides 
which precipitate from solution when the steel is annealed 
and again pass into solid solution when heated above Ac3 
just before quenching. 

In 1916* a hypothesis to account for electrical resis- 
tivity in steels was advanced. This hypothesis assumed 
the essential unity of mechanism of solid solutions and of 
aqueous solutions, and attributed that portion of the 
total specific resistivity due to carbides in solution to the 
transformation of electrical energy into heat, this trans- 
formation being due to the fact that it is those molecules 
in solution that are most reactive toward any form of 
energy. If heat is assumed to be made up of two forms 
of motion, one portion being electronic and the rest 
atomic or molecular motion, we might easily find a 
reasonable explanation for the correlation between 
electrical and thermal resistivities based on the solution 
theory in the full sense of the word. If molecules of 
solutes in solution are capable of reacting with electrical 
energy and transforming a portion of this electronic 
motion into atomic or molecular motion, thus producing 
electrical resistivity, it would be only reasonable to expect 
that the same molecules in solution which could transform 
electronic motion of electricity would also be capable 
of transforming that portion of heat which exists as 
electronic motion into atomic or molecular motion, 
Under this conception we would expect a close relation- 
ship between the electrical and thermal resistivities of 
steel, since they both become dependent upon the 
chemical constitution. 

When carbides are the only solutes present to any 
considerable extent it was shown in the paper before 
referred to that there is a parallelism between the thermo- 
electromotive potential of these carbides and the specific 
resistance, both being dependent on the concentration of 
the carbides in solution. From the curve of the thermo- 
electromotive potential shown in Figs. 1 and 2 it will 
be evident that the thermo-electromotive potential is 
dependent upon the chemical composition of the solutes 
as well as on the concentration. Under the conception 
of the essential unity of mechanism of metallic and 
aqueous solutions the assumption that the thermo- 
electromotive potential of solutes in solid solution is 
exactly analogous to the solution tension of electrolytes 
in aqueous solution would offer a simple explanation for 
the changes in thermo-electromotive _— due to 
differences in chemical composition and heat treatment. 
If a cell be set up with an aqueous solution of a single 
electrolyte A, the electro-motive force of such a cell will 
be dependent on the chemical composition and concentra- 
tion of the electrolyte. If a second cell be set up with an 
electrolyte B, of higher solution tension than A, the 
electromotive force of the second cell will be higher than 
that of the first for a given concentration. If a cell 
be set up with a mixture of these electrolytes, A and B, 
the electromotive force of such cell will not be additive, 
but will be intermediate between that of A and B, never 
reaching as high as when B alone is present, An exactly 
analogous change will be found in the thermo-electro- 
motive potential of steels when the concentration of the 
solutes in solution is changed by heat treatment. When 
the thermo-electromotive potential of the solute in 
solution, other than carbides, is higher than that due to 
carbides in solution, the thermo-electromotive potential 
of such steels in the hardened condition tends to be lower 
than that of the same steel annealed, since in the annealed 
condition the carbides are very largely precipitated. 
This is most strikingly illustrated in case of SN1, where 


* Journal of the Iron and Steel Institute, 1916, No, II, 
page 268. 





we find a distinct drop in thermo-electromotive potential 
brought about by quenching, although the specific and 
thermal resistivities are both markedly increased due 
to the increased concentration of the solutes in solution. 





FATAL EXPLOSION OF A GENERATOR. 

A FORMAL investigation by the Board of Trade, under 
the Boiler Explosions Acts, 1882 and 1890, was recentl 
held at the Town Hall, Rotherhithe, London, wit 
regard to the cause of an explosion of a generator 
or cylinder at the Bermondsey Infirmary which occurred 
on September 2, 1916. The Commissioners were 
Mr. E. A. Hudson and Mr. J. Melrose. Mr, ag C. 
Vaux appeared for the Board of Trade; Mr. Dale, 
barrister-at-law, for the Bermondsey Board of Guardians ; 
Mr. Enness, barrister-at-law, for the Auto-Vacuum 
Refrigerating Company, Limited ; Mr. Edwards, solici- 
tor, for Mr. J. Purnell; and Mr. A. Fowler, solicitor, for 
Mr. M. B. Mountain. 

In opening the proceedings Mr, Vaux, on behalf of 
the Board of Trade, said that the generator was owned 
by the Guardians of the Parish of Bermondsey, but at 
the time of the explosion was under guarantee as to 
make, quality of materials, and efficiency, by the Auto- 
Vacuum Refrigerating Company, Limited. The genera - 
tor, it is stated in the report issued by the Board of 
Trade, comprised two cylindrical drums or cylinders, 
each 1 ft, 8 in. in diameter inside and 6 ft. long over all; 
the shells and ends were of steel ,, in. in thickness, the 
longitudinal and circumferential seams being welded by 
the oxy-acetylene process: the ends were dished out- 
wards, One drum was situated vertically over the other 
and connected thereto by two 2-in. tubes welded to the 
shell, and having flanges with four bolts screwed on to 
the tubes ; one of the latter was cut off flush inside the 
lower drum, whereas the other was carried to the bottom. 
Each of the drums was fitted with a spiral coil of }-in. 
iron piping of a total length of about 191 ft., which was 
attached both to the steam and water supply, suitable 
valves being interposed so that when the generator 
was in use for distillation, steam was admitted to the 
coil, and when used as an absorber, water was circulated 
through it. 

Heat could also be supplied to the lower drums by 
means of two Bunsen burners supported on three feet 
and fitted with portable lagging, the hot gases passing 
between the latter and the drum and escaping over- 
head, The mountings consisted of a y;-in. gauge glass 
with two valves, but without drain cock, a }-in. gas return 
valve, }-in. charge valve, a }-in. spring-loaded safety 
valve intended to lift at 250 Ib. me square inch, @ 4-in. 
— gauge marked up to 300 lb., and a }-in. hot gas 
valve. 

Each drum of the generator-absorber was stated to have 
been tested hydraulically to 520 lb. or 530 lb, per square 
inch, the pressure having been maintained for about 
12 hours ; yf were subsequently jointed together and 
tested to 500 lb. per square inch with ammonia vapour. 

The refrigerating plant, of which the report gives a 
very minute description, was situated on the first floor 
of a building adjoining the infirmary store, through 
which it was entered, the cooling chambers being on the 
floor below. The plant was an adaptation of Carre’s 
freezing apparatus, and was constructed in this country 
under a patent, the original of which was American. 
The parts of the generator were assembled and welded 
by Messrs. Lamplough and Sons, Limited, Willesden, 
the plates being obtained ready rolled to size and the 
ends dished ; the internal coils were obtained from the 
Auto-Vacuum Company, Westminster, who completed 
the plant and finished erecting it at Bermondsey In- 
firmary about October, 1915, so that its age at the time 
of the explosion was about ten months. From October, 
1915, to August, 1916, minor defects were noticed, such 
as leaky valves and joints. The Auto-Vacuum Company 
were always notified of any defects by telephone, and 
the necessary repairs were undertaken by their workmen . 
On August 4, 1916, a rupture occurred in the welded seam 
of the top cylinder to the extent of about 5in. The firm 
named re-welded that part of the seam by the oxy- 
acetylene process, and the apparatus was set to work 
again. On September 2, 1916, another explosion 
occurred of a very violent character; the sh being 
wrecked and the different parts of the apparatus projected 
in all directions and for considerable distances. One 
man named Aldwell, attendant to the refrigerating plant, 
was killed, and another named Purnell, assistant store- 
keeper at the infirmary, was injured. The boiler or 
— was not insured, and the only persons who 

inspected it were the Auto-Vacuum Company and 
their agents, and Mr. A. H. Newman, of the firm of 
Newman and Newman, architects and surveyors. 

With reference to the cause of the explosion the 
Board of Trade report states that “ the cylinder exploded 
under comparatively low pressure, owing to the defective 
welding of the longitudinal seam.” 

After the examination of the various witnesses, Mr. 
Vaux submitted a list of questions on which he requested 
the judgment of the Court. 

Mr. Hudson, the presiding Commissioner, then 
delivered his judgment, of which the following is a 
condensed summary, his remarks being of an exceptionally 
exhaustive character :— 

The cause of the explosion was simple, but the circum- 
stances were complicated. The boiler in estion 
burst twice because it was badly welded; on the first 
occasion no bad results followed. The boiler was then 

tched up by the company who supplied it and the 

uardians (the purchasers) allowed it to be patched 
up, but it burst again within a month. On the second 
occasion the explosion caused loss of life, and that was 
the explosion into which the Commissioners were 


inquiring. 
Tho Commiesioner dwelt at some length on the circum- 
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stances of the explosion and the various contributory 
In January, 1915, the company commenced nego- 
tiations with the Bermondsey Board of Guardians for the 
fitting up of an —— in the infirmary at Rotherhithe. 
The Infirmary Committee conferred with Mr. A. H. 
Newman, their architect, upon the question of provision 
to be made for cold storage. The committee inspected 
the apparatus at the premises of the company at Tothill- 
street, Westminster. The estimate was accepted on 
April 20,1915, At that time Mr. Jodrey had just become 
the commercial manager of the compeny, and a Mr. Lee 
(since dead) was the engineer who had charge of all 
technical and sasthanionl details. The apparatus was 
intended to be worked at a pressure not exceeding 
175 lb. or 180 Ib. per square inch. The order was given 
to Messrs. Lamplough and Company to supply the two 
cylinders, call “generators,” forming a part of the 
ny Mr. Mountain, consulting engineer, acting on 
behalf of Messrs. Lamplough and Company, received the 
order for the cylinders and also for a condenser. He 
was instructed to test the cylinders up to 500 lb. by 
hydraulic pressure, and when they were completed they 
were tested satisfactorily up to 520 lb. and 530 Ib. 
pressure, the test being witnessed by Mr. Denny, foreman 
to Messrs. Lamplough and Company, and by Mr. Jarvis, 
the engineer employed by the refrigerating company. 

The Commissioner, continuing, said: ‘‘We now 
know that the longitudinal seam of the cylinder which 
exploded was not tested while under pressure by hammer- 
ing, and that the reason of this was, as stated by Mr. 
Denny himself, that the cylinder had been placed on the 
floor with the seam downwards, so that the longitudinal 
seam could not be hammer-tested while under pressure. 
The welding was done by a welder from the Oxygen 
Company, and Mr. Denny, who ought to have super- 
vised it. did not see the weld made, though these two 
cylinders were the only ones in the shop. He now 
admits that the weld was a very poor one, as it un- 
doubtedly was, and that one plate did not butt accurately 
against the other. 

The next stage was the setting up of the plant at the 
infirmary. This was supervised by Mr. Jarvis on behalf 
of the company, and by Mr. Newman, architect, on behalf 
of the Guardians. Mr. Newman’s firm for many years 
past had been employed by the Guardians to advise as 
to and supervise various works, including the installation 
of high-pressure boilers in the boiler-house of the work- 
house premises, The Clerk of the Guardians, Mr. Fenton, 
said that the Guardians had never employed an engineer 
to supervise engineering work during its construction, 
though they had in their employ a skilled mechanical 
engineer on each of their premises. They had alwa 
employed Messrs. Newman for such duties, and the 
engineers employed by the Guardians did not become 
responsible until the engineering work, whatever it 
might be, was taken over by the Guardians. In this case, 
as stated by Mr. Fenton, Messrs. Newman were instructed 
to see that the plant was erected and completed in 
accordance with the specification. Mr. Newman never 
was present at any test of the cylinders during con- 
struction. He asked for, but never obtained, any 
engineering plans of the apparatus, and the only plans 
he did receive were as to the arrangement of the position 
of the plant on the Guardians’ premises. He knew that 
pressure was intended to be developed in the cylinder to 
160 Ib. to 180 lb., but he did not know, and it never 
occurred to him to inquire, at what pressure the safety 
valve was set to blow off. He said he did not consider 
it necessary to attend at official tests of the apparatus, 
and thought it right to depute such work to the steward 
of the Guardians. He attended at one ice-producing test 
in October, and that was all. The Board of Trade were 
satisfied that Mr. Newman was not capable of performing 
the duties entrusted to him in connection with this work, 
and that the Guardians must have known it. In the case 
of steam boilers, Mr. Fenton said, the inspector from 
the insurance company usually tested them, and that was 
known to the Guardians, but in this case no one on behalf 
of the Guardians tested the cylinders or exercised any 
supervision except as to the position of the plant. The 
Guardians relied, as Mr. Fenton stated, on the skill and 
judgment of the — who en the apparatus, 
though he also said that the Guardians’ engineer at the 
infirmary was the natural person to employ to look after 
the installation of this apparatus, but he was given no 
instructions. Mr. Newman said that he did not look into 
the construction of patent articles and only supervised 
the builders’ work, which consisted of the fitting up of the 
refrigerating chambers, but he charged, and was paid by 
the Guardians, for superintending the carrying out of the 
contract and reporting to the Guardians as to the tests 
made with the plant. Absence of any supervision, or 
of any proper supervision, of the carrying out of the 
contract was another contributory cause to the explosion, 

Referring to the split which occurred in the longitu. 
dinal seam on August 4, 1916, certain repairs were 
effected, and the boiler was tested to 280 lb. by hydraulic 
pressure, and no more, because as the pressure gauge only 
registered 300 Ib. they could not go beyond that point 
unless they took off the pressv.re gauge an: = on another, 
but this they never troubled to do. The company, 
however, as hese had been a good deal of ammonia lost 
owing to the split, took the opportunity to c the 
safety valve to a new type the company were then fitting 
to their plant. The cause of this split was no doubt 
faulty welding, and Mr. Jodrey, the managing director 
of the company, must, Mr. Hudson said, have known it 
at the time ; but Mr. Jodrey suggested before the Court 
that the cause of the split was a pressure of steam of 
about 500 lb. due to the use of gas and steam, and that 
the safety valve had been tampered with. If he had 
thought anything of the kind, the natural thing for 
him to have done at the time was to test the safety 
valve, and also to examine it to see if there was an 
foundation for the idea that it had been tampered 








with, but nothing of the kind was done, and no trouble 
was taken even to examine or preserve the safety valve. 
The occurrence of this split, if it had been brought about 
by negligent use of the boiler, as also suggested by the 
company, was the time for them to bring the matter to 
the notice of the Guardians, but they did not take any 
step of the kind, and though before the court Mr. Jodrey 
attributed the cause of the explosion to over-pressure, 
he never attempted to satisfy himself that this was 
the cause, or call in any one to advise him. He must 
have known perfectly well that the cause of the explosion 
was a defective weld. 

Mr. Hudson then went on to say that the attitude of 
the Guardians and Mr. Newman when this split occurred 
was remarkable. Here was a boiler, which the Guardians 
were about to purchase, and which was in use and on 
trial on their premises, which had burst, but neither 
Mr. Newman nor the Guardians took the slightest trouble 
to ascertain the cause, and Mr. Newman did not even 
inspect the split until after it had been repaired, and then 
only when Mr. Flower attended it at the infirmary 
unofficially. The seam ran longitudinally at about 4 ft. 
above the level of the floor and directly in front of any- 
one facing the generators. This was the opportunity 
for the company and the Guardians to have had the 
cylinders thoroughly examined, and their not doing 
so contributed to a great extent to the cause of the 
explosion. 

After the explosion Mr. Wren, engineer-surveyor 
to the Board of Trade, found that the weld immediately 
adjoining the split which had been re-welded was very 
defective. It was only welded through a small portion 
of the thickness of the plate, the thinnest part being 

in. He was of opinion that the hydraulic pressure 
of 280 lb. to which the cylinder had been subjected 
after the split had strained the originally bad welding, 
and he had no hesitation in saying (with which the 
Commissioners agreed) that the cause of the explosion 
was due to the original bad weld, washened. Ty the 
stresses to which the boiler had been subjected in the 
process of distillation, and that the boiler exploded under 
a pressure of less than 200 Ib. 

In continuing his review of the evidence and the 
cause of the explosion, Mr. Hudson said: ‘“‘ We think 
that something should be said as to oxy-acetylene 
welding. The objection to oxy-acetylene welding is 
that the boiler will sometimes withstand ample hydraulic 
pressure, and then fail under working conditions. In 
any case hammering while under hydraulic pressure 
is the only proper way to test whether the weld is a good 
one, and @ proper examination of the internal conditions 
as well as the external should always be made. The 
engineer-surveyor to the Board of Trade suggested that 
if a riveted joint is not suitable, because it will not 
retain ammonia fumes, then a welded joint might be 
strengthened by a riveted strap, the weld then really 
becoming only a system of caulking.” 

With regard to the responsibility of the different 
parties to the inquiry, the Commissioner said that the 
court found that Mr. Denny was partly responsible for 
the explosion, for he improperly supervised the welding 
and subsequently omitted properly to test the cylinder 
which exploded. 

They relieved Mr. Mountain of any responsibility ; 
he employed a competent foreman, who admitted that 
he failed to discharge the most ordinary duties, and that 
Mr. Mountain had no knowledge that he had so failed 
to perform them. 

As regards the Auto-Vacuum Refrigerating Company, 
the Commissioner said that “‘they issued a most mis- 
leading circular, the effect of which was to put purchasers 
off their guard as to the care and attention which their 
apparatus required. Whether the purchasers in this 
case ought to have been misled is another matter. The 
company’s order for the cylinders, having regard to the 
business they were doing with Lamplough and Co., may 
not be open to serious comment, but had such an order 
been given to strangers we should have had a great deal 
to say. The responsibility of the company arises chiefly 
under three he : First, although they knew that their 
apparatus required continuous attention duri dis- 
titation, namely, for a period of from four to five hours, 
they so fitted it up that no attendant could reasonably 
comply with this requirement. Second, when on 
August 4, 1916, a split occurred in the welded longitudinal 
seam they had no engineer on their staff qualified to 
advise them, and they neglected to examine the remaining 
part of the seam with such a serious warning as defective 
welding staring them in the face ; and, third, they only 
tested the apparatus, after the split, to a pressure of 
280 lb., when they should have tested it to the pressure 
at which they had originally stipulated with Lamplough’s 
that it should be tested.” 

With regard to Mr. Gregoire, the engineer employed 
by the company, the court held him partly responsible 
for the explosion in not making a mp ee examination 
of the longitudinal seam when the split occurred, though 
he considered this was an important matter. He said that 
he knew nothing about boilers, but he knew enough to 
take a rubbing of the part of the weld which had split, 
and there was no excuse for his not taking a rubbing of 
the remainder. 

As to Mr. Jodrey, Mr. Hudson said he was the managing 
director of the company, and therefore filled an important 
position; he was not an engineer, but possessed con- 
siderable technical knowledge. In the judgment of the 
Court he entirely failed to perform the duties entrusted 
to him at the time of the split. He had had no one to 
advise him about boilers, and sought no advice from 
anyone who had knowl of boilers, as he ought to have 
done in the position which he filled. The question which 
occupied his mind was whether the cylinder could be 
— and finding that it could, he ordered it to be 


re 
Dealing with the responsibility of the Guardians, 





Mr. Hudson made the following statement: ‘“ We 
consider that the Guardians must have known, if the 
were possessed of the most ordinary intelligence, whic 
we assume they were, that this was an apparatus intended 
to develop a considerable pressure, and that it was a 
matter for the advice of an engineer and not an architect. 
We were told that when they fitted up boilers in the 
boiler-house — loyed Mr. Newman to superintend 
the work, but that they relied as to the safety of the 
boilers upon the insurance company who insured them. 
In this. case they did not attempt to insure this boiler, 
and therefore fitted it up without any assurance from 
anyone capable of advising them as to its safety, though 
they had practical engineers in each department of the 
workhouse who could have done so. We cannot relieve 
persons who put up boilers without proper care and 
supervision from the consequences which follow, merely 
because they rely upon puffing circulars and do not 
trouble to seek the advice of competent persons. The 
Court therefore holds them partly responsible.” 

With regard to Mr. Harris, the steward of the Guardians, 
the Commissioners did not hold him responsible. 

The unfortunate man, Aldwell, who had been killed, 
appeared, from all they had heard, to have been a careful 
man, and the Commissioners desired to express their 
sympathy with his relatives and friends. 

In conclusion Mr. Hudson said that the court ordered 
that the following parties should pay the amounts 
named towards the costs and expenses of the inquiry :— 

£ 


Mr. Thomas Denny _ _ ove 10 
The Auto-Vacuum Refrigerating Com- 

pany, Limited ... a” eee «-- 200 
Mr. Elbert Weed Jodrey 50 
Mr. Gregoire Gregoire... 10 
The Bermondsey Guardians 20 
Mr. Arthur Harrison Newman 30 


In closing the inquiry, which had lasted about nine 
days, the presiding Commissioner complimented Mr. 
Wren (the Board of Trade surveyor) with regard to his 
evidence, and Mr. Vaux for the remarkable ability with 
which he had dealt with the complicated case that had 
occupied their attention during the lengthy inquiry. 





AMERICAN INSPECTORS OF ORDNANCE EQuiPMENT.— 
The Chief of Ordnance, War Department, Washington, 
reports a need for inspectors of ordnance equipment, 
says The Iron Age. An examination for such inspectors 
has been announced by the Civil Service Commission. 
One examination is for inspectors of hardware and 
metal equipment, comprising such articles as buckles, 
rings, fasteners, hand axes, wire cutters, intrenching 
tools, canteens, cups, meat cans, and other small articles 
of brass, iron, steel or aluminium. Men who have had 
a high school or equivalent education, and, in addition, 
have had four years’ experience in ‘a manufacturing 
plant making the above articles, will qualify for one class 
of inspectors. Another class requires men over 25 years 
of age, who are graduates from a college or university 
and who have had ene year’s experience in a manufactur- 
ing plant. Besides organising and oe inspection 
work, the men will be responsible for the preparation 
of the necessary reports covering inspection, shipment 
and oy ny for the articles described. The itions 
will Civil Service appointments and the salaries will 
range from 1,200 dols. to 2,400 dols. per year, with 
additional allowance for travelling expenses. 

Coat-Gas FoR Moror Traction.—A meeting was 
held last Friday, the 12th inst., at the Midland Hotel, 
Birmingham, under the auspices of the Manchester, 
Liverpool and Counties Commercial Motor Users’ 
Association, when a paper on ‘“Coal-Gas for Motor 
Traction” was read by Mr. W. M. Barrett, high-pressure 

as and a superintendent, Corporation 
Meter Stores, Manchester. In the course of his lecture 
Mr. Barrett alluded to the restrictions on the use of 
petrol and to the necessity for securing an efficient substi- 
tute. Coal-gas was considered, but for some time the 
question of storage stood in the way of its application 
to motor traction. The credit of providing a solution 
to the difficulty had to be given to Mr. Barton, of Beeston. 
Mr. Barton first used gas compressed in steel cylinders, 
but owing to difficulties in reducing the pressure, 
he decided to store the gas in a flexible circular-shaped 
container carried on the roof of the vehicle. The gas 
container is made of woven fabric, gastight and water- 
proof. The container was improved and made D-shaped ; 
it was developed later and made semi-rigid, a further 
improvement being the collapsible container. Mr. 
Barrett entered into the various methods of filling the 
gas container, and gave particulars concerning the supply 
of a constant and accurate mixture tothe engine. He 
illustrated the various appliances, several carburettors 
and other detail parts by means of lantern slides. He 
stated he had found that 1 gallon of petrol, when car- 
buretted with air, the mixture being consumed as a 
Bunsen flame inside a Boys calorimeter, contained 
145,000 British thermal units; therefore 290 cub. ft. 
of 500 British thermal units coal-gas would have to be 
consumed to obtain a total of 145,000 British thermal 
units. On the basis of an equal number of British 
thermal units, 290 cub. ft. of coal-gas were thus equivalent 
to 1 gallon of petrol. On the other hand, it had repeatedly 
been proved that 250 cub. ft. of coal-gas would run a 
motor just as far as 1 gallon of petrol. But when a 
special coal-gas carburettor is fitted, an increased mileage 
is obtained. He tested this with a Belsize delivery van, 
the average mil of which, over a period of three 
months, was 18 miles per gallon, and found that after 
a coal-gas carburettor had been fitted the average 
mileage was 19.2 miles per charge of 250 cub. ft., without 
any alteration having been made to the engine beyond 
the fitting of a gas carburettor. 
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INSPECTION OF AIRCRAFT. 


In our last issue, under the title of “ Government 
Inspection,” we gave an account of the presidential 
address delivered on the 10th inst. by Lieutenant- 
Colonel R. K. Bagnall-Wild before the Institution of 
Automobile Engineers. We mentioned that there 
were 5,000 persons engaged in inspecting the construc- 


tion of aeroplanes. At first sight that appears an |}, 


extraordinary number, and suggésts that we are 
turning out aircraft at a rate far beyond anything 
hitherto conceived possible. It must be remembered, 
however, that aeroplanes demand the most minute 
accuracy, and, further, that their construction has 
necessarily had to be often entrusted to firms entirely 
without experience in aircraft. These two considera- 
tions explain the need of continuous inspection of 
every operation. How meticulous and unceasing such 
inspection is will be better understood from a perusal 
of the appendices to the address in relation to three 
items of construction, viz., (1) an inspection form 
for the manufacture of a cylinder for a rotary engine, 
and (2) and (3) similar forms for the manufacture of 
an aluminium piston and for a crankshaft. If it be 
recalled that there are hundreds of individual parts 
in an aeroplane, then the reason for the multiplicity 
of inspectors will be more apparent. 

These appendices form part of the presidential address 
referred to. Considerations of space prevent us 
printing the whole. 





CYLINDER. 


Ideal Firm’s Inspection Procedure, with Reference to the 
Manufacture of a Cylinder for a Rotary Engine. 


1. It is given that the specification for the material 
is mild steel, 0.4 to 0.5 carbon, to conform to R.A.F. 
Specification 29a. 

2. The main contractor orders rough - machined 
stampings from the sub-contractor X (whose method 
of manufacture the main contractor has approved). 
These stampings are to be supplied in the annealed con- 
dition, and samples of the test pieces from the bar 
material of which the ey are made, to be — 

3. Sub-contractor X orders approved material from 
sub-contractor Y, who is a steel manufacturer, and 
quotes approximate analysis which he considers desirable 
to meet the conditions required in the manufacture of 
commercial stempings, and which will be in accordance 
with specification 29a. He also asks for a copy of a test 
certificate of the material taken at some approved test- 
house. 

4, The stampings made by sub-contractor X are 
delivered to the main contractor, who erranges the 
machining of the stampings through various operations, 
until the cylinder is completed and ready for fitting to 
the engine. The inspection arranged for by an ideal 
firm in their own works, and in agreement with the 
sub-contractors in their works, would probably be as 
follows :— 

(A) Steel Manufacturer Y.—The casts of the steel 
which the contractors propose to supply are analysed ; 
each ingot of the prod ar examined, end an inspector 
decides the amount of cropping necessary from each end. 
The cropped ingot is then passed through to the rolling 
mills, where it is hammered and rolled into suitable bars. 
a of the bars is made for roakes, pipes or seams, 
and all defective material is rejected. 

During the manufacture inspectors check and record 
the temperatures of rolling and working. A sample test 
piece is cut from the bar and forged down to the ruling 
dimension of the shell of the cylinder stamping. This 
test piece is then normalised, and tests are carried out at 
an approved test house; if all the bars are made from 
one cast, probably one or two test pieces only will be 
taken,’ A copy of the certificate will be forwarded to 
contractor X, with possibly some spare test pieces ; the 
bars will then be delivered to the stamper. 

(B) The stamper X, on receipt of material with 
certificate, will immediately put in hand the stamping 
of the cylinder shells ; inspectors will arrange to check 
temperatures of working thro hout the whole process. 

On completion each cylinder shell will then be 
annealed, the temperatures being carefully checked and 
each stamping Brinelled. A sample of the material 
will be hammered down to the ruling dimension of the 
shell, and will be annealed at the same time as the 
stamping. This sample piece will then be machined 
as a test piece and Brinell and tensile tests taken. 
The Brinell numbers of all stampings should conform 
to a definite range, based on the test pieces, and, pro- 
viding the tensile res of the test pieces are satisfactory, 
the stampings will be approved. 

The stampings will then be passed to the rough- 
machining shop, and the skin removed, care being taken 
to retain the identity numbers. After inspection for 
surface flaws and general dimensions they will be 
passed for delivery to the main contractors. In the 
main contractor’s works the stampings will then be 
passed to the various machines for the remaining opera- 
tions, inspection byw. | place between each operation as 
per the following schedule :— 

(1) Rough turn on outside to chuck jaws, rough drill 
“os = face end. 

Rough counterbore worki barrel, h turn 
outside to chuck jaws, face pon Be tices valoocehe 
diameter, bore working barrel, finish internal-coned 
head, rough form outside taper. 

(3) Rough bore and recess for valve thread, rough 








turn outside diameters, face to overall length, form top 
angular face. 

(4) Mill flat for sparking-plug boss. 

(5) Rough form fins. 

(6) Anneal and sand blast. 

(7) Turn tops of fins, finish form first nine fins, 
finish tops of first nine fins, and polish same. 

(8) Drill hole for sparking-plug boss. 

(9) Chamber hole, and weld in sparking-plug boss. 
(10) Finish bore working barrel, chamfer mouth of 
re 


(11) Form diameter at crank-case end, face shoulder 
and form grinding recess, form remainder of fins, finish 
valve-thread recess, polish remaining fins. 

(12) Cut valve thread. 

(13) Slot-mill keyway castellations. 

(14) Drill oil holes. 

(15) Grind crank-case register. 

(16) Grind working bore. 

(17) Balance cylinder. 

Before final finishing the cylinders will be annealed to 
remove machining stresses. Final machining will be 
carried out in order to bring the cylinders within the 
standard weight limits and in addition to adjust the 
centre mass of the cylinder to the right position. 

Inspection will be carried out on the finished cylinder 
for all final dimensions, weight and centre of mass. 
The inspection as ar by a Government depart- 
ment, assuming that they have no control, or are not 
aware of the contractor’s inspection, will be as follows :— 

(a) The ingot from which the bars will be made at 
the steel manufacturer’s would be inspected, and 
particulars of ingot and analysis of the cast taken. 
During the rolling of the material the temperatures of 
the rolling will be taken occasionally. complete 
bars will be submitted for inspection, and will be checked 
for dimensions in accordance with the international 
standards or particulers of the order. One test piece 
for every 20 bars will be taken, and after working down 
will be normalised and a test carried out. Each bar 
will then be Brinelled, and if within a satisfactory 
agreement the bars will be passed on the results of the 
test piece, and a certificate and release note issued. 

(6) On receipt of stampings the material will be 
inspected and checked against the release note. The 
operations on the stampings will be periodically inspected, 
the temperatures being checked from time to time. 
The samples of the material will be taken, and after 
working down to ruling dimensions will be heat-treated 
with the stampings by a test piece representing each 
batch of stampings. The stampings will then be 
inspected for dimensions in order to ensure that sufficient 
material is available to allow for cleaning up. Each 
——s will then be Brinelled, and if the test piece is 
satisfactory, and the Brinells are reasonably consistent, 
the stamping will be passed after general inspection for 

ws, &c. 

(c) On receipt at the mein contractor’s the stampings 
will be checked by the release note and released to the 
machine shops. No further inspection will be carried 
out beyond the transference on the stamping number. 
The finished cylinder can be identified with an individual 
stamping. The finished cylinder will be inspected for 
all dimensions, weight and centre of mass, and if satis- 
factory will be stamped and approved. 

The action which a Government Ins ion Depart- 
ment would probably take with the ideal firms would be 
as follows :— 

(a) The checking of the analysis of the cast will be 
taken, periodic checking of the firm’s own inspection 
would be made as regards rolling temperatures, working, 
&c. The test pieces would be led and material 

ed as usual procedures. 

(5) At the stamper’s periodic checking would be made 
of working temperatures, and a check test of the heat 
treatment made periodically at random, and Brinell 
report for each stamping examined. 

Cylinders will be selectively examined for flaws and 
general dimensions, and finally accepted and released to 
the main contractor. 

The main contractor’s inspection fixtures would be 
examined, periodic selective check testing be made 
between operations, and also of the finally finished 
article. Should any defects be discovered the whole of 
the batch concerned would be examined, otherwise only 
selective examinations would be made. 

On final erection of the cylinders into the engine, 
check examination will be made to see that the various 
fits are satisfactory, and should any of these points 
show discrepancies, a detailed examination will be 
made of all stock in stores. All spares, unless erected 
in the engines at the main contractors, would be 
examined in detail for the dimensions affecting the fit, 
functioning, or the strength of the part. 





System or Propuction or Cast ALUMINIUM Piston. 
Material—Aluminium Alloy, to S,ecification of L.8. 
When casting, three test pieces are cast for every 
eight pistons. The pistons are numbered when taken 
from the sand, and the test pieces, removed in the 
fettling shop, are sent to the experimental department 
for tensile test and chemical analysis. If these tests are 
satisfactory and approved by the A.I.D., the pistons are 
released and pass into the foundry view-room. Here 
they are inspected for blow-holes, and the inside diameter 
of the barrel callipered for size ; the correctness of position 
of the gudgeon-pin hole is also tested on the surface 
table. If approved they pass from this room into the 


casting store. 
The store issues them to the machine shop on a 
machining order, and in this shop they go through the 


following operations :— 
(1) machining outside, both on sides and crown. 
Viewed at site of lathe for blow-holes, &. 


(2) Finishing turning on sides and crown, leaving 
only enough metal for grinding operation. 

(3) Bored at mouth and faced down to correct depth 
from inside crown. 4 
(4) Rough drilling of gudgeon-pin hole to 1 in., an 

facing bosses inside. 

(5) Cutting and rolling two ring grooves and scraper 
ring groove. 

(6) Drilling hole for set pin. 

They now pass into the grinding shop for— 

(7) Grinding true to size on outside diameter, 
and return to the machine shop for the following 
operations :— 

(8) Finishing facing and rolling crown. 

(9) Milling oil groove. 

(10) Finishing boring gudgeon-pin hole, and then 
into the machine shop test-room, where 

(11) They are tested under 10 lb. per square inch 
water pressure. 

‘ At this point they again return to the machine shop 
‘or— 

(12) Burnishing gudgeon-pin hole. 

(13) Drilling deen holes around scraper-ring groove. 

(14) Number rolled on. 

After all operations from the second to the fourteenth 
they are taken to the section view-table for inspection, 
and finally are weighed, have the weight stamped on 
them, and then are— 

(15) Polished on crown. 

This completes the hine shop operations, and they 
pass into the final view-room before going imto the 
finished store, accompanied with view note. This view 
note bears the chief inspector’s stamp, without which 
the pistons would not be inspected in the final view- 





room. 

The finishing store then issues them to the erecting 
where they are fitted to the connecting rods, &c., 
operations being :— 

(16) Rings fitted on and lapped. 

(17) Assembling with connecting rods. 

They are then finally viewed, tested for correct weight, 
and passed on to the charge hand, who again inspects 
them generally all over before he allows them to be 
assembled in an engine. 

After assembling in the engine they pass on with the 
engine to the test bench, and then to the stripping shop, 
where they are very carefully examined for scoring and 
wear on rings, &c., and the gudgeon pins remo and 
replaced before they are in assembled with the 
engine for the final test. If this test is satisfactory 
the engine then passes on to the despatch shop for 
despatch. 





Enorine CRANKSHAFT. 
Material—Forged Steel, to Specification K.1. 


The crankshafts are stamped in Sheffield, have test 
pieces cut from the ends of the sheft, and are tested 
there before being approved and released by the 
A.LD. for despatch to contractors. 

They are issued by the stores at the contractors to the 
machine shop, on a machining order, where they go 
through the following operations :— 


(1) Centre shaft. 
(2) Saw off test, pieces and stamp number in the 
presence of the A.I. 
(3) Re-centre. 
(4) Rough-turn journals, ends of shaft and faces of 
webs, leaving enough metal for grinding. 
Viewed at view-table No. 1. 
(5) Number re-stamped on side of web. 
(6) Milling sides of webs for locating 
Viewed at section view table 1. 
(7) Milling sides of webs parallel. 
(8) a crank-pins and facing webs for grinding. 
iewed at section view-table 1. 
(9) Form mill radius at crank-pin and journal ends. 
(10) Grind radius. 
. — in may tang cman : 
(11) Drilling and tapping holes through crank-pin. 
(12) Drilling through centre of cnbeinth. 
s Vie in a mp a 
(13) Hand tap crank-pins for oil plugs 
(14) Turn journals and ta shatt for grinding. 
(15) Turn chamfer on ius and cone inside ends of 
hole through shaft. 
Viewed in main view-room. 
(16) Grinding two ends of shaft for locating purposes. 
(17) Grinding pins and faces of webs. 
Viewed at section view-table 2. 
(18) Number transferred to chamfer on radius. 
(19) Grinding journals, taper end of shaft and faces 


of webs. 
Viewed at section view-table 2. 
(20) Grinding edges and radius of webs. 
Viewed at section view-table 2. 
(21) Milling castellations. 
(22) Milling keyway on taper end of shaft. 
(23) Filling castellations to fit gauge. 
(24) Milling driving slot at end of shaft. 
(25) Frazing webs. 
Viewed in main view-room. 
(26) Screw threads cut on both ends. 
Viewed in main view-room. 
(27) Drilling holes for balance weights. 
(28) Drilling and countersinking oil holes in crankpine 
and journals. 
Finally viewed all over in main view-room and com - 
ponent number stamped on. 
The crankshafts now pass into the finished store on 
a view note, from whence they are issued to the erecting 


eres ace Se ea, 





shop, where 
(39) Tapping and 
(30) Plugs removed, oil drilled through them, 
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replaced, and set pins inserted in ends of these oil holes. 

(31) Balance-weights fitted. 

Viewed for balance on section view-table 3, and 
numbered as viewed. 

Oil-ways tested under pressure of 200 lb. per square 
inch with lubricating oil. 

Stam; —s viewer’s number. Py 

(32) Key fitted to keyway in taper end. 

iewed for the taper and keyway at vice. 

(33) Main ball races fitted. 

(34) Bevel gear and locking nut fitted. 

(35) Taper gear and ball race and locking nut fitted. 

inal viewing, | between housings of journal 
bearings gauged, and fitting of taper gear tested. 
Stamped with view ‘mark. 

(36) Split pin hole for castle nut at ta’ 
shaft drilled, also hole in sleeve nut drilled. 

(37) Journals stoned for removal of frays, &c. 

(38) Journals bedded in crank-case bearings. 

Viewed at work bench, and stamped. 
(39) Fitting connecting rods to pins and stamping 


r gear end of 


recognition numbers on webs and connecting rods. 
Viewed at bench for play in connecting rods. 
production 


This completes the actual operations o' 
on the omatahaita, and they pass on to the erectors’ 
charge hand for assembling in an engine. This charge 
again generally inspects the whole shaft before 
allowing it to be assembled in an engine. 

The engine then passes on to the test bench for @ 
three hours’ trial, after which it is stripped in the stripping 
shop, and the crankshaft minutely examined before 
reassembly, after which it unde the final running 
test on the test bench, and if satisfactory is sent to the 
despatch shop for despatch. 


Celonel Bagnall-Wild concluded his address with the 
following remarks :— 

Inspection is essential to obtain efficient output. It 
is the only method whereby the directors of a company 
can ascertain the quality of the firm’s output ; it is their 
only safeguard that money, time and material is not 
a wasted in the production of scrap; it is a check 
on their purchasing department ; it is a check on their 





ole and drawing office, and it is even a check on their 
chi ineer, to whom the inspection branch is 
responsible. Facts will always speak, and the inspec- 


tion department can at any moment produce 
showing rejections at any stage from the ponte pees 
material to the pleted and finished article. 

It has been suggested that a full Government 
system of inspection is but a duplication of work. For 
a | time I have had available a record showing 
rejections by the firms and rejections by me. These 
figures, of course, also give the percen rejections on 
the total output, and they must, surely, be of vital 
importance, not only from the output point of view, but 
financially. A little more money spent on inspection 
not only increases dividends, but brings in more orders. 
The better the article, having due regard to cost, the 
greater its popularity with the purchaser. 

The inspector, as a rule, is nobody’s friend. This is 
not always his fault, it is a fault of the whole system ; 
he should be encouraged to be human. He must not be 
on unduly intimate social terms with the production 





staff, but he must be capable of dealing with them with | § 


tact and cordiality. Iam certein that if more attention 
were prid and more encouragement given to the class of 
man employed by firms for this purpose, much better 
results would be obtained. 





ConcrETE.—We have received a pamphlet issued by 
the Concrete Utilities Bureau, on ‘Concrete as a 
Substitute for Timber, Bricks, Iron and Steel.” This 
beoklet will be followed in due time by similar issues 
dealing with all phases of concrete construction, each 
of which may be considered as a compendium of informa- 
sion on the subject upon which it deals. These 
publications may be obtained post free by application to 
the Bureau, at 6, Lloyd’s-avenue. 





_ Ustrep Srares Imrortrs.—Imports of merchandise 
into the United States in the fiscal year ended with 
June 30, 1917, were the largest in the history of the 
— says Commercial America. The value was 
2,659,000,000 dols., or 750,000,000 dols. ter than 
that of the fiscal year '914, the last normal year before 
the war, and just douple the value of ten years . 
idering the war period alone, the imports of “the 
fiscal year 1917 were nearly 500,000,000 San greater 
than those of 1916, and nearly 1,000,000,000 dols. in 
excess of those of 1915, the first war year. This larger 
import trade of the United States in the fiscal year 
1917 was due almost altogether to increased receipts 
of non-competitive raw materials, such as gums, crude 
chemicals, fibres, hides, skins, rubber, silk and wool, 
and of food-stuffs, largely of a tropical nature. These 
crude materials and food-stwfis formed 42 per cent. of 
the imports for the year, as against 33 per cent. in the 
year immediately preceding the war. Higher prices 
prevail. throughout 1917 explain in part the large 
increase in imports for the year, but there are two other 
most im t factors which must not be overlooked. 
In the place, American manufacturers have been 
scouring the world for raw materials, and, in the second 
place, all countries not en in the war have been 
ing an inventory of their local resources with a view 

to incre the shipment of such products. The 
contraction in the import trade of the United States 
which marked the first year of the war, and which 
ed ression in certain producing countries 


threaten: lucing 

and the disruption of some American industries, has not 

only been checked, but, as the official record shows, 

ym ig gouy have been growing at the rate of 500,000,000 
. ® year during the last two years. 





CATALOGUES. 


Electric Potentiometer—A catalogue from the Cam- 
bridge Scientific Instrument Company, Limited, Cam- 
bridge, describes a thermocouple potentiometer for use 
in temperature measurements = thermo-electric couples. 
The instrument measures very small differences of poten- 
tial up to 90 millivolts. 


Machine Tools——The Judson-Jackson Company, 
Limited, 50, Marsham-street, London, 8.W. 1, send a 
booklet containing a number of illustrations of their 
works, offices and machine tools. The usual descriptive 
letterpress is omitted in favour of a series of stimulating 
paragraphs on technical and trade subjects. 


Portland Cement.—Messrs. Kaye and Co., Limited, 
Southam Works, Rugby, send a pamphlet which will be 
useful to engineers. It describes the material, manu- 
facture and uses of Portland cement, and gives instruc- 
tions for making up concretes for various purposes 
— of tests and other technical information are 


Small Rotary Pump.—A small rotary pump with 
electric motor, for connection to ordinary lighting circuits, 
is shown in a catalogue issued by the ‘Light Electric 
Motor Company, 15, Baltic-street, Dundee. It has a 
capacity of 30 gallons per hour at 500 r.p.m., and is 
capable of working to 15 ft. suction or 25 ft. head dis- 
a pipe connections are tapped for #-in. 
gas t 5 


Hydraulic Machinery—A catalogue from Messrs. 
Hollings and Guest, Limited, Thimble-lane, Birmingham, 
shows a series of vertical belt-driven pumps for creating 
hydraulic pressure. There are five t , with four or 
five sizes of each type. The plunger diameters are from 
§ in. to 2 in., strokes 3 in. and 4 in., with one, two and 
three-throw construction. There is also an accumulator 
made in six sizes, from 3 in. to 12 in. diameter of ram 
and 6 ft. to 15 ft. stroke. 


Machine-Tool Work.—The latest number of the 
Monthly Review issued by Messrs. Alfred Herbert, 
Limited, Coventry, describes a taper turning attach- 
ment for use on their No. 4 capstan lathe for tapers up 
to l}in.long. The tool-holder is bolted to the cross-slide 
from which the cut is put on, while a connection with the 
turret enables the travel to be taken by the ordinary 
automatic feed. There is also information about 
machining gun parts, grinding practice and other matters. 

Turbo Pumps.—Messrs. Boving and Co., Limited, 
56, Kingsway, London, W.C. 2, send a catalogue showi 
a full range of turbo pumps, comprising practicall all 
capacities and duties in general industrial use. ey 
are divided into low, medium and high-pressure types, 
with lifts, respectively, of 200 ft., 500 ft. and up to 
1,800 ft. A large number of illustrations of pumps 
made for special services are given, with dimensions and 
test results. These are helpful in making a selection, 
but in this class of machinery it is always best to submit 
full particulars of the conditions of work to the pump 
makers, and ask them to submit a proposal. 


Locomotive Cranes.—A series of cranes suitable for 
eneral contract work, railways, docks, excavating, &c., 
is shown in a catalogue from Messrs. John H. Wilson 
and Co., Limited, Dock-road, Birkenhead, and 15, 
Victoria-street, S.W. 1. These are all swivelling-jib 
cranes, with steam winches and vertical boilers. The 
range of lifting powers is from 2 tons to 25 tons, and 
of purpose from small mobile yard service to heavy 
breakdown work—the latter type being fit for attach- 
ment to fast passenger trains. A second series is 
electrically driven with overhead trolley or ground-rail 
collectors. There are ample illustrations to show how 
the cranes are adapted to various kinds of work, and 
a good deal of dimension and capacity figures. For exact 
requirements it is best to seek the advice of the makers 
in this class of machinery. 


Asbestos-Covered Steel.—Three catalogues from the 
Asbestos Protected Metal Company, Pittsburgh, and 
92, Beaver-street, New York, give full particulars of 
the product, which is becoming a serious rival to gal- 
vanised iron sheets. The steel sheets are cleaned, 
heated and dip in a bath of asphalt and, while hot, 
a coating of asbestos is pressed into the asphalt. Both 
sides of the sheet are treated, and the coating drawn 
over the edges so that the entire piece of metal is enclosed. 
The sheets are supplied in flat, corrugated, beaded, 
clapboard, louvred, arched and other forms for roofs, 

Is, ceilings, panels, &c. All the necessary ridge-caps, 

tters, flushings, corner pieces, arches, &c., with clips, 

Its, rivets, nails, are also shown in the catalogues. 
Full illustrations and particulars of sizes and weights 
are given for every part. The thickness of the steel is 

merally 26 to 20 United States gauge (= 0.016 in. to 

.032 in.). The catalogues contain illustrations of a 
large number of industrial buildings in which the material 
has been used 


Gas Fuel Control.—In gas-fired ovens, furnaces and 
similar apparatus a specified degree of heat has to be 
maintained, often within narrow limits. As many of the 
conditions operate against this object, frequent variation 
of the fuel supply is necessary, and this involves frequent 
ee ge era of both the gas and air supply. Messrs. 
Keith Blackman and Co., 27, i on-@venue, 
London, E.C. 4, send a catalogue describing the effects 
of a new mechanism which they are making for auto- 
matically mixing the gas and air in correct proportions 
so that, as long as the gas is constant in ity, the 

ration of a valve will vary the supply of fuel. This, 
of course, applies to systems where pressure air is used, 





—_ about } lb. per square inch above atm 
course the sources of pressure for gas and air are 


different, and vary independently of each other. The 
appliance automatically corrects these variations and 
ves @ one-tap control over the temperature of the fire. 
The gas quality only varies at wide intervals, and this 
can be met by a mechanical adjustment which is secured 
with a locking device. 
Pressed Steel Work.—The terms “ pressing,” “ stamping,” 
ching’? and “forging” are now used rather indi. 
cruninately, and it would be well to cultivate a distinct 
and separate meaning for each. In 4 catalogue issued 
by Messrs. Braithwaite and Co., West Bromwich, the 
term “pressing” is correctly used to indicate sheets 
formed to a variety of shapes by pressure bendi The 
principal sections illustrated as standard manufactures 
are trough shapes for flooring and various channellings 
for railway sleepers, &c. Many of these take the place of 
girders in construction work, and would be useful in 
making the frames of machines. A number are made 
to form pipes when bolted together by longitudinal 


-| outside flanges, giving round, square or other cross- 


sections when completed. “Buckled plates” are 
dished squares or rectangles for floors, walls, &c., and 
include a tank panel or plate with edges so sha 
that it may be used for wall, floor or division plate 
without special corner pieces. Wheel discs and similar 
pieces are also shown. The thicknesses of plate worked 
are generally } in. to ? in. 

Centrifugal Drying Machines.—New uses are con- 
tinually being found for these machines in all sorts of 
industries. nearly all cases the designs worked out by 
laundry experience are most suitable. A catalogue 
issued by Messrs. Manlove, Alliot and Co., Limited, 
Nottingham, shows four sizes, the basket diameters in 
inches being 30, 36, 40, 48, and the respective speeds in 
revolutions per minute being 1,050, 920, 850, 750. 
These give peripheral speeds of about 8,000 ft. to 9,000 ft. 
per minute. h of the four machines is shown 
complete for starting, with either a small steam engine, 
an electric motor or a countershaft for belt drive from a 
line shaft. The steam engine is laid with its cylinder 
horizontal and its crankshaft vertical, giving a straight 
belt drive to the spindle of the machine. In these 
machines the driving horse-power required during 
acceleration is about double that requi for running, 
so that we have a strikingly suitable job left for the small 
steam engine. All these machines are under-driven and 
belt-driven. The baskets are generally of steel plate 
perforated, but can be made of other material when 
required. The catalogue gives the dimensions, weights 
and all required particulars in a very complete and clear 
style. 

Railway Speed Recorder—An instrument that will 
record the speed of a train with some close approach 
to accuracy, showing the speed variation on every mile 
of the run, with correct curves of the rise and fall at 
all starts and stops, should yield data of great value 
to the engineers as well as to the drivers and traffic 
managers. All this is claimed for the ‘ Boyer” 
recorder, made by the Chicago Pneumatic Tool Company, 
Fisher Building, Chicago, and 9, Bridge-street, West- 
minster, 8.W. 1. The recording paper has vertical lines, 
4 in. apart for each mile, and horizontal lines } in. apart 
for 5 miles per minute. The print of this record is 

uite easy to follow, though reduced to one-third of 
the original size. The instrument is driven by a belt 
engaging a V-rimmed pulley fixed on an axle of the 
engine truck or @ car. The required diameter of this 
pulley can be calculated to within 1 per cent., and the 
correction made on the rim after a trial run on the road. 
The drive is conveyed to a tooth-wheel Pump, which 
forces oil against @ piston, the rise and fall of the piston 
according to the speed of the train actuating the pencil. 
An indicator, of dial-face type, which may be placed 
in front of the engine driver, is also actuated, and a 
clock with pencil mechanism may be added which will 
trace a time curve on the chart paper. The catalogue 
gives a clear explanation of the construction, fitting on, 
and use of the instrument. 


Heavy Oil Engines.—The British Westinghouse 
Company, Limited, Trafford Park, Manchester, send a 
catalogue showi their latest design of engine for 
burning crude oil or heavy residual oils—named the 
Westinghouse-Diesel engine. The improvements affect 
nearly all parts and indicate that the weak points which 
experience revealed in the nerf designs of this type are 
being systematically remedied. Of course improve- 
ments have been gradual, but a comparison between this 
catalogue and those issued seven years ago shows quite 
a transformation in the appearance of the engine. The 
general change gives a clean box form over the enclosed 
parts, easy access to valves and parts likely to require 
overhauling and a remarkable increase of strength. 
The crank-case is cast in halves; the cylinders are 
separate castings bolted to the top half with detachable 
water jackets, and the cylinder heads of cast iron. The 
cylinders are set slightly to one side of the centre line 
of the crankshaft to ease the piston thrust on the walls. 
The camshaft is enclosed in the crank-case, ensuring 
full lubrication and leaving very clear access to the 
valves in the cylinder heads. There is a separate oil-fuel 
pump for each cylinder. The crankshaft is very heavy 
and strong. Five standard sizes are made, ranging from 
185 brake horse-power to 730 brake horse-power, the 
corresponding kilowatt ratings being 125 to 500. The 
revolutions per minute are 300 in the two smaller sizes 
and 200 in the three larger. Three or four cylinders are 
used in all cases except the 730 brake horse-power, in 
which six are used. The fuel consumption at full load 
in all sizes is below } 1b. of oil per brake horse-power, 
and is very moderate on part | The claim that this 
type of ine is safe, reliable in running and easy starting 


.|can certainly be fulfilled with the improvements now 





effected. 





Oct. 19, 1917.] 


ENGINEERING. 








“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELEOTED ABSTRACTS OF RECENT PUBLISHED 
SPROLFIOATIONS UNDER THE AOT OF 1907. 


The number of views given in the Specification Drawings is stated 
att where none is mentioned the Specification is not 


from abroad, the Names, &¢., 


in ital 


il 
Where 
ics 


of ie f Spocihoats may, be obtained af the Patent Office Sales 

‘See Buildings, Chancery-lane, W.C., at 
ise the Cc 

advertisement of —- of : s engi 


- he “ Sealed” is 
Any person may, 
the advertisement o, 

nye 4 oF Ofhee 1 


atent on any grounds in 
GAS ENGINES, PRODUCERS, HOLDERS, &c. 


H. R. Wright, Blackheath. Electric-Ignition 
Arrangements. (5 Fias.) July 24, 1916.—This invention has 
reference to electric ignition arrangements for internal-combustion 
engines, and relates more particularly to ments of the 
kind having the contact carried at one extremity of a pivoted 
lever, the other extremity of which is moved by a suitable cam 
or cams to cause the interruption of the armature primary 
circuit. In electric ignition arrangements for high-speed internal- 
combustion engines comprising a high-tension magneto driven 
direct from the engine shaft, with an interrupter of the rocking- 
lever type arran to open its primary circuit, such interrupter 
is, according to this invention, geared down from the magneto 
shaft, but has the number of its cam rises increased in a ratio 
corresponding to that of the gearing, for the purpose of reducing 
the jarring action at high speeds. a is an ignition eto, 
the spindle b of which is geared with the interrupter e. the 
example the wheel c is half the diameter of the wheel d. The 
interrupter, instead of having only two rises or cam faces on its 
cam ring, has four such cam faces e2, These are separated by 








gaps e5, as usual, and engage the rear end f! of the interrupter 
lever four times in each revolution, so as to move it slightly on 
its pivot counter to its spring. Thus they cause four breaks in 
each revolution at the contacts, instead of only two as with a 
two-cam interrupter. The actuated parts of the interrupter are 
made of the smallest convenient dimensions, or not larger than 
an interrupter such as would ordinarily be mounted direct on 
the spindle b. It is clear, therefore, that the peripheral speed 
of the moving part of the interrupter will only be of what 
it would have been if mounted on b, whereas the number of 
interruptions (owing to there being twice as many per revolution 

will still remain the same, The mer blow of the lever en 

on the cam surfaces is diminished a) ey oe according to 
the square of the speed reduction, a mee is only one-quarter 
of what it would be with an ordinary arrangement, thus givin 

@ much more certain and reliable action, the engine end 
remaining the same. On the other hand, the engine 5 can 
be greatly increased without going beyond the rate of ignition 
which the same size of interrupter will properly deal with. 
(Accepted August 9, 1917.) 


108,224. H. G. Longford, W. W. Longford and W. A. 
Birmin: 


K, m. Internal-Combustion Engines. 
(1 Fig.) September 4, 1916.—This invention relates to a device 
for vaporising paraffin for use in internal-combustion engines of 
the type in which the fuel is conveyed through a conduit located 
within the interior of the explosion chamber or an extension 
thereof. According to the invention, a casing a is provided 
adapted to be screwed into a suitable aperture in the cylinder 
head, as for instance, the aperture which has previously accom- 
modated a compression cock, and in such a manner that the 
interior of the casing is in communication with the explosion 
space. The casing is adapted at its outer extremity to internally 





(as, 


Teceive a screwed plug b; between the inner face of said plug 
and an internal shoulder within the casing a copper, asbestos 
or other washer ¢ may be incorporated to render the plug 

tight. The plug carries the ingress and egress of a fuel 
conduit, such parts of the said conduit be to pass 
through apertures in the plug, and the part of the conduit between 
such ions is conveniently disposed within 


and egress po’ 
the , and is of helical or other form, as shown at d, so that 
the fuel is adapted to take a pr course within the part 


of the conduit within said 
thereby e 
chamber. 


casing, this part of the conduit being 
xposed externally to the gases within the explosion 
(Accepted August 9, 1917.) 





MACHINE AND OTHER TOOLS, SHAFTING &c. 


108,296. S. White and E. W. Shaw, London. Chucks. 
(2 Figs.) August 23, 1916.—This invention relates to work- 
holding chucks for the rotary spindles of machines. 
The chuck consists of an outer conical member 87 fixed to a 
rotary machine spindle 86, and a similar inner member 88 that is 
split to enable it to contract when drawn within the outer 
member 87, in order to grip the article to be machined. For 
drawing the inner member 88 within the outer, the inner member 
is fixed on one end of a rod 90 mounted to slide within the 
spindle 86, and to the other end of which is fixed a short tubular 
member 91, on which is a ring 92, to which are pivoted the links 93 
of a toggle arrangement, other links 94 of which are pivoted to 
the corresponding end of the hollow rotary spindle 86. The 
common pivots 95 of the links 93, 94 are carried by blocks 96 
that are constantly pressed by springs 97 in a di to force 





the member 88 into the member 87 so as to effect a grip on the 
work. The blocks 96 have extensions 98 (see Fig. 2) adapted to 
ride on the surface of an adjustable fixed pin 100, formed with a 
tapered end, the arrangement being such that when the extensions 
98 are on the body of the fixed pin 100 the toggle links are 
maintained against the action of the - poe 97 in a position such 
as to free the work-holding clutch, but as the spindle 86 is moved 
with the work towards the tool the extensions 98 ride down 
the tapered end of the fixed pin 100 and allow the toggle - 
ment, under action of the springs 97, to come into , whereby 
the work-holding clutch is caused to firmly grip the work. The 
springs 97 and toggle arrangement are enclosed in a casing 101, 
and the springs are adjustable by means of screw pl 102, 
which also form guides for pins 103 projecting poll ar from 
the blocks 96. (Accepted August 9, 1917.) 


108 ,222. Coats’ Machine Tool Company, Limited, 
London (EZ. Rollinson, New York, U.S.A.). Chucks. (4 Figs.) 
A t 24, 1916.—This invention relates to collet chucks adapted 
to be operated, to grip or release the work, by means of a fluid- 
—- device us y comprising a cylinder mounted on the 

the spindle and fitted with a sliding piston operatively con- 
nected with the chuck so that accor y as compressed air or 
other fluid under pressure is admitted through suitable valves 
and ports to the cylinder, to act alternately on the sides of the 
piston therein, the collets are forced together or apart. The 
chuck, according to the invention, comprises a shank 13 slidable 
in a hollow head 4 under the action of the fluid-pressure operating 
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(0a,222) 


device, said shank car 


tying 
operate with a bevelled ring 18 on the head to effect a closing 


pivoted jaws 15 adapted to co- 


movement, and also carrying a aye Sag ap ph r 20 for 
effecting a rapid opening of the jaws when the shank is released 
or moved outwardly by the fluid-pressure device 11. In order 
to avoid leakage from the fluid-pressure device, the stuffing-box 22 
for the piston rod 10 is arranged in an easily accessible ition, 


the cylinder 5 having a bracket 21 extending beyond the aa 


box for connection to the lathe spindle 2; or the reciprocatory 


movements of the piston 11 are transmitted to the chuck- 


operating rod 10 through the medium of levers 23 
inside the cylinder, so that the stuffing-box 22a can be situa 
on that side of the piston which is normally not under 
i.e., the releasing or opening side. 


MOTOR ROAD VEHICLES. 


pressure, 
(Accepted August 9, 1917.) 





compress the spring G, and thus allow the outer sleeve B to 
pome. endwise to declutch the friction plates A. (Accepted 
August 9, 1917.) 


108,251. R.R. Mellor, Holmfirth, and T. M. G, Morton, 
Wishaw. Back Axles and Gearing. (2 Figs.) October 27, 
1916.—Acco to this invention, the propeller shaft rear-end A, 

of the intermediate reduction gearing, 
differential shafts C are all housed in a single gear-box made in 
two yo D, E, divided vertically. The intermediate shaft B, 
which carries the crown wheel Bl, with which meshes the bevel 
pinion Al on the propeller shaftend, and the differential shafts C 
carrying the usual differential gear-box Cl, are arranged sub- 








tially one above the other, and are mounted in 


stan! 
brackets G, H formed x. 


in the forward half D of the gear- 


Thus the rear part E of that box becomes Guety a cover remov- 
able without disturbing the gearing—or, even if removed, inter- 
f with its action. Projecting flan brackets J receive 
wit! them the non-rotatory rear axle K, and to the flanges of 
these brackets are bolted sleeves L the usual spring 
palms Li, brake tackle brackets L2 and casings LA en- 

ro- 


closing the hubs of the wheels and their driving gear and 
tecting them from mud and dust. (Accepted August 9, 


SHIPS AND NAUTICAL APPLIANCES, 
106,610. The W: Machine Company, East 
» U.S.A. Turbine Installations. 
y 22, 1916.—The object of the invention is to uce 


apparatus suitable for use in 
yed for materially increasin 


108,241. Triumph Cycle Company, Limited, and G. E. | pressure element 7 3 is provided with an 
a —~ ’Motor-Cycle " Friction’ Clutches. | exhaust port 11, which communicates with a condenser 12. The 
October 6, 1916.—This invention has reference to 18, which is so 


3 Figs. 
ulti plete 


a spring G within the inner sleeve C —s 

ite ends of each of the sleeves to hold the 
remove the spring 
invention comprises 


the spring G, and thus declutching the plates A. 
are formed on the side of the engine cas 


friction clutches for motor cycles of the kind com- 
Pp a driving and a driven sleeve B, C, res vely, located 
one within the other, and having interposed friction plates A, 
pressure against | blades. 
Fi FI 
normally eé , and means compress sp 80 as 

,/ ressure from one of the sleeves. This 
he combination with a friction clutch, as 
above set forth, of rotatable cain mechanism for compressing 


(or on the gear-box, if 


turbine soctien 3 is cle peeves GES 6 pa 
locates that 16 ts adapted € OsBver 6 seus the 





is essentially de ey my element. 

The port 13 municates wi inlet port 19 of the casing 15. 
The inlet port 19 is also to communicate with the 
exhaust element 7. For this purpose the turbine 
te inlet por trough ¢ Panag Sao cacng Td ro 
¥ a pro- 

vided an exhaust port 25 communication with the 
condenser 12. ‘lhe rotor 4 is connected to a pinion 29, which 
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The rotor 16 is connected to a pinion 31, 
30, and the gear 30 is connected 

. The operation is as follows: Motive 
the high-pressure element 6. Under full 


—- is open, and the passage 23 is | at 


. The fluid issuing from the high-pressure element 6 is, 
therefore, divided into two streams, one of which is delivered to 
the turbine element 7 and the other to the section 14. In this 
manner the low-pressure element 7 and the section 14 operate 
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in parallel. Under reduced power conditions less motive fluid | 
is delivered to the turbine unit. The valves in es 20, 11, 
are closed, and the valve in ge 23 is open. ith this 
arrangement of valves, fluid ening from the high-pressure 
element 6 is delivered to the element 7 and, after traversing 
that element, is delivered through passage 23 to the section 14, 
from which it is delivered to the condenser, The low-pressure 
elemént 7 and the section 14 therefore operate in series under 
reduced speed and power conditions. (Accepted August 1, 1917.) 


107,015. The Westi Machine Company, East 


Pittsburgh, U.S.A. Turbine Installations. (1 Fig.) 
June 9, 1916.—This invention relates to marine turbine installa- 
tions. The turbine is divided into a “pressure section 2 
and a low-pressure section 3. The section 2 includes two turbine 
elements, viz., a high-pressure element 4 and an intermediate and 
low-pressure element 5. The low-pressure section 3 includes 
an intermediate-pressure element 9, divided into two elements, 
one of which is designated by the numeral! 10, and may be termed 
a low-pressure element. nder full power conditions motive 
fluid from element 4 is divided into two streams, one of 
which is delivered to element 5 and the other to element 9. The | 
motive fluid delivered by the element 5 is delivered to the low- | 
pressure element 11; and the motive fluid traversing the 

element 9 is delivered to the low-pressure element 10. In order 
to accomplish this distribution of fluid the section 2 is provided | 
with fluid-delivery ports 13 and 13a, and the low-pressure 
section 3 with inlet ports 14 and 14¢ and exhaust ports 15 and 15a. | 
The . pees 13 communicates with the port 14 through piping 16, | 
provided with a control valve 17, and port 134 communicates 

with the port 14a through piping 18, provided with a control 
valve 19. Both exhaust ports 15, 15a communicate with a 
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condenser. Under reduced load conditions, and while the | to 


organised baggy wn is operating at reduced speed, motive fluid 

pons in through elements 4, 5,9 and 10; means are 

refore provided for delivering fluid issuing from the element 5 

to the inlet end of the element 9. The means include a port 23 

communicating through piping 24 with the inlet port 14 of the 

section 3. The Piging 24 communicates with the daw 16 on the 

delivery side of the valve 17 and is provided with a control 

valve 25. Under reduced load conditions the valves 17 and 19 

are closed and the valve 25 is open, all the motive fluid issuing 

the 4 is therefore delivered to the element 5 and, 

after trave that element, is delivered to the element 9, 

trom which it is delivered to the element 10 and finally to the 

. A passage 2) ig shown in dotted lines which 

to establish communication between the inlet ends 

elements 10 and 11, and the element 11 is 

larger than the element 10. . By employing the 

viding a valve in that passage the element 10 

to the volume of fluid at it loads, since 

$11 Fag Ee egy in parallel with the t 10 when 

is such a ter volume of low-pressure fluid is 

to the element 10 than can traverse it and be expanded 
y in doing work. (Accepted August 1, 1917.) 


108,189. The Quasi-Arc Company, Limited, and W. L. 
Cole, London. ge: 4 Deck and Bulkhead Structures. 
(4 Figs.) July 25, 1916.—This invention relates to deck and 
bulkhead constructions. Acco: d 





the ship’s plating and against the frame members and filling 
insertions therein: It is preferable to use. for the purposes of the 
present invention, angle brackets d, which are welded to the 
ship’s plating by deposits of welding metal in notches e formed 
Chawale the webs of the brackets in order to support the 
brackets effectively upon the ship’s plating a and to secure them 
to the plating at points near to the flanges on which the decks 
or the like will rest. Then the preferred method of wi 
the decks c to such brackets is to form deposits of welding 








(108/89.) 


in notches or slots k cut in the deck plating, where it rests on the 
flanges of the brackets d, and afterwards to effect the welding 
of the deck around the whole of its edge to the ship’s plating a. 
A further feature of the invention consists in completing the 
line of watertight welding at the level of the deck or the like, 
by cutting slots in the ship’s plating where the frame members 
are applied to it, and filling in the slots with deposits of welding 
metal, which unite the plating and the frame members at the 
required positions. (Accepted August 9, 1917.) 


108,190. The Quasi-Arc Company, Limited, and W. L. 


| Cole, London. Ship Construction. (4 Figs.) July 25, 


1916.—This invention relates to the construction of ships, and 
in particular to the method of inserting the vertical keel Foon 
the longitudinal — plates, the intermediate cross-partitions 
or plates, and the inner shell which is carried on or secured to 
the framework formed by such plates. According to this inven- 
tion, the vertical keel and partition plates c,d are fillet-welded 
at fto the ehip’s bottom sioting a and to one another so as to 
form watertight compartments, which are closed internally by 
inner plating 6 welded in place, while the necessary strength and 
rigidity is secured by the use of struts A welded at their ends to 
the bottom plating of the ship and to the partition plating. A 





further feature of the invention consists in the use of brackets J 
welded to the longitudinal and partition plating and serving to 
—— the inner plating b or false bottom of the ship, this latter 
being inserted in sections which may either lie flush with the 
edges of the longitudinal and partition plating, or may stand 
up half-proud with ~ 2y thereto; in the first case the inner 
plating sections are welded through notches or slots to the flanges 
of the brackets, and welded along their edges to the tops of the 
longitudinal and partition plating, while in the second case the 
spaces left between the inner plating sections after fillet-weldin 
to the tops of the longitudinal and partition plating can be fill 
in with welding deposits to form a complete and watertight 
inner shell. (Accepted August 9, 1917.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


108,177. T. Clarkson, Chelmsford. Steam Generators. 
(4 Figs.) July 21, 1916.—This invention has particular reference 
steam generators which are provided with short straight 
water tubes having closed ends. A steam generator, acco 
to this invention, comprises an annular water chamber A wit! 
straight tubes C having closed ends radiating inwardly therefrom 
into an annular combustion space surrounding a central chamber 
F, down which solid fuel can be fed on toa grate. The water 
chamber preferably comprises two substantially cylindrical 
tubes B, B!, conveniently of solid-drawn metal and formed with 
overlapping flanged joints at the top and bottom. Holes are 
fo. in the inside tube B! to take the radiating tubes C, which 
are preferably of the cartridge type, solid drawn, and somewhat 
tapered so as to leave sufficient clearance between the inner ends 
of the tubes. The tubes may be expanded into the holes or fixed 
in any convenient manner, but it is preferred to expand them 
into the holes and to arrange the relative size and shape of the 
tubes and the holes so that the base of the tube, when expanded 
in y wee lies just below the adjacent surface of the cy! indrical 
wall. A homogeneous joint may then be made by welding the 
base of the tube to the surrounding metal of the wall. The 
upper part of the inner wall B! of the water chamber is preferably 
bent inwards above the c’ rical portion in which the tubes are 
ie an annular steam Al of rather 
of the water 


by the annular water chamber. The lower end of this shicia¢ 
may be slightly bell-mouthed or flanged so that it helps to support 




















0a.) 


the superheater coil, and the lower turn of that coil may be 
arranged so that it rests to some extent on the inner ends of the 
lower radiating tubes. (Accepted August 9, 1917.) 


108 ,099. iton’s Patent Flue and Tube Company, 
Limited, and L. yton, Hunslet, Leeds. Tubular Boilers. 
(1 Fig.) December 15, 1916.—This invention relates to that 
type of tubular boiler described in the specifications of Patents 
Nos. 21,608 of 1900 and 8,114 of 1909, wherein two central super- 
posed chambers forming the fire-box and smoke-box respec- 
tively are enclosed within a horizontal cylindrical casing forming 
the boiler proper, and having a combusti hamber situated at 
| each end thereof, connected by two sets of smoke tubes with the 
| fire-box and smoke-box respectively, and in which the said 
| cylindrical casing is extended downwards around the fire-box 
so as to form a water jacket, and also upwards around the uptake 
so as to form a steam dome. According to this invention, the 
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casing 1 around the uptake 2 constituting the steam dome is 
enlarged so as to give an increased steam space, preferably by 
constructing the said dome casing in the form of a cone,having 
its base or largest diameter at the bottom and ne ry he oe] 
the horizontal cylindrical casing of the boiler proper, and 

of allowing steam to enter the steam dome around the entire 
circumference of the uptake as before, the boiler casing is 
perforated at one side only of the uptake with small holes 4, so 
as to cause all the steam from the boiler to pass into the steam 
dome at one side of the said uptake, while the exit pipe 5 of the 
steam dome is at the opposite side thereof to that of the base 
perforations, and such pipe is perforated with small holeg-at its 
upper part and end to form passage-ways for the steam toeseape. 
(Accepted August 1, 1917.) 7 





Low-crapE Ore Uriiisation iy Germany.—From 
a lecture recently given by Dr. P. Krusch, reported in 
Stahl und Eisen of July 19, 1917, we see that the war, 
the stopping of imports, and the rise in prices, have 
forced German metallurgists to make use of raw materials 
which were considered too poor in peace time. In 
several cases sufficient success has been obtained by new 
methods, it is claimed, to justify the working of low- 
grade ores even in normal times. Thus copper schists 
were hardly utilised when of only 2.5 per cent. of copper ; 
now ores of 1 per cent. and even 0.7 per cent. find 
utilisation. As regards iron and steel, there has not been 
much change ; but poor pyrites and phosphatic ores are 
no longer rejected. The vanadium for steel is found in 
sufficient bulk in slags which do not contain more than 
0.7 per cent. of vanadium ; the wolframite of old waste 
heaps is a raw material for tungsten. Chrome ore of 
24 per cent. is welcome—half the percentage formerly 
deemed worth mining ; and sources of nickel are worked 
if they contain 1.6 per cent. of nickel. Bauxite of 
| 40 per cent. of aluminium is considered sufficiently rich ; 
it is also stated that the aluminium can, after all, be got 
out of clay. There is no change as to arsenic and anti- 


closes | mony. But sulphur, no longer obtainable as such, is 


from gypsum and anhydrite, and phosphates of 
per cent. are tonverted into manure. 








